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ABSTRACT
Ultra-luminous infrared galaxies (ULIRGs) are interesting objects with dra-
matic properties. Many efforts have been made to understand the physics of their
luminous infrared emission and evolutionary stages. However, a large ULIRG
sample is still needed to study the properties of their central black holes (BHs),
the BH−host galaxy relation, and their evolution. We identified 308 ULIRGs
from the Sloan Digital Sky Survey Data Release 6, and classified them into the
NL ULIRGs (with only narrow emission lines) and the Type I ULIRGs (with
broad emission lines). About 56% of ULIRGs in our total sample show inter-
action features, and this percentage is 79% for redshift z < 0.2. Optical iden-
tifications of these ULIRGs show that the active galactic nucleus percentage is
at least 49%, and the percentage increases with the infrared luminosity. We
found 62 Type I ULIRGs, and estimated their BH masses and velocity disper-
sions from their optical spectra. Together with known Type I ULIRGs in the
literature, a sample of 90 Type I ULIRGs enables us to make a statistical study.
We found that the BH masses of Type I ULIRGs are typically smaller than those
of Palomar−Green (PG QSOs), and most Type I ULIRGs follow the MBH−σ
relation. However, some ULIRGs with a larger Eddington ratio deviate from this
relation, even though the line width of the [OIII] narrow-line (NL) core or the
[SII] line was used as the surrogate of velocity dispersion. This implies that at
least some ULIRGs are probably still in the early evolution stage toward QSOs.
The anti-correlation between the mass deviation from the MBH−σ relation and
the Eddington ratio supports that the evolution of Type I ULIRGs is probably
followed by the building up of theMBH−σ relation and the evolution to the QSO
phase.
Subject headings: galaxies: active — galaxies: formation — galaxies: nuclei —
galaxies: starburst — infrared: galaxies
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1. Introduction
Ultra-luminous infrared galaxies (ULIRGs) were discovered by Infrared Astronomical
Satellite (IRAS) in large numbers with infrared luminosity in 8−1000 µm greater than
1012 L⊙. The serious intrinsic obscuration for ULIRGs in optical, UV, and even in mid-
IR and X-ray bands (Condon et al. 1991b) makes it difficult to clearly probe their physical
properties by observations. There are probably more ULIRGs at high redshifts than in
the local universe, and even more than optically bright QSOs (Lonsdale et al. 2006). In
the last two decades, multi-wavelength studies on ULIRGs have significantly improved our
understanding of these dramatic objects (see the review papers of Sanders & Mirabel 1996;
Lonsdale et al. 2006).
Extremely high infrared luminosity of ULIRGs is dominated by starbursts, and some-
times with additional contribution from active galactic nuclei (AGNs). Most ULIRGs are in-
teracting systems undergoing a wide range of merger stages (e.g., Zou et al. 1991; Clements et al.
1996; Murphy et al. 1996; Surace et al. 2000; Farrah et al. 2001; Veilleux et al. 2002). ULIRGs
with large luminosity or spectroscopic signatures of AGNs are most likely late-stage mergers
(Veilleux et al. 2002). Observations of the molecular gas in ULIRGs (see Mirabel & Sanders
1988; Sanders et al. 1986, 1991; Gao & Solomon 2004) proved that high-density gases are
reserved in a compact nuclear region. The connection between ULIRGs and AGNs was
also found from optical and mid-infrared spectra (e.g. Kim et al. 1998; Veilleux et al. 1997,
1999a,b). About 25% of ULIRGs present evidences of AGNs, and the percentage increases
to ∼ 50% when LIR is greater than 10
12.3 L⊙. Less than 10% ULIRGs have broad emis-
sion lines, which are the so-called Type I ULIRGs (see Clements et al. 1996; Wu et al.
1998a,b; Zheng et al. 1999; Canalizo & Stockton 2001; Cui et al. 2001). ULIRGs and AGNs
most probably have evolutionary connection. To understand such possible connection,
Lonsdale et al. (2006) suggest that major mergers of gas-rich galaxies first form a massive
cool starburst-dominated ULIRG, and then a warm ULIRG phase is followed when a central
AGN turns on inside the dust cocoon and heats the surrounding dust. The central AGN will
evolve into an optically bright phase when it blows away the surrounding dust cocoon. The
resulting stellar system will resemble a spheroid, so that the mass of the central black hole
(BH) of the AGN (MBH) is related to the stellar velocity dispersion σ. The MBH−σ relation
might build up at that time. In this scenario, ULIRGs are in a pre-AGN phase. The typical
BH mass of ULIRGs should be smaller, and the galaxy bulge may not have been constructed
completely, compared with those of normal QSOs.
Kawakatu et al. (2006) used a sample of eight Type I ULIRGs in the local universe
with data of full width at half-maximum (FWHM) of Hβ and optical continuum luminos-
ity Lλ(5100A˚) from Zheng et al. (2002) to estimate their BH masses and investigate the
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BH−bulge relation. They found that the Type I ULIRGs have systematically smaller BH
masses in spite of having the comparable bulge luminosity as QSOs and elliptical galaxies.
We note that the FWHM of Hβ given in Zheng et al. (2002) is the FWHM of the whole
emission-line profile, not the FWHM of the broad-line component, which should be used
in the estimation of the BH mass. Therefore, Kawakatu et al. (2006) may underestimate
the masses of BHs for these ULIRGs. Using a sample of sources mostly from Zheng et al.
(2002), Hao et al. (2005) carried out a study on the Type I ULIRGs (named as IR QSOs in
their paper), and concluded that the typical BH mass of Type I ULIRGs is smaller, and the
typical Eddington ratio (Lbol/LEdd) is larger than those of PG QSOs. At higher redshift,
Borys et al. (2005) found that submillimeter galaxies have smaller BH masses than QSOs
with respect to the same mass range of bulges. Alexander et al. (2008) concluded that sub-
millimeter galaxies host BHs with a mass of log(MBH/M⊙) ≈ 7.8 in their sample. Because
local ULIRGs and high-redshift submillimeter galaxies are similar with each other, both
having bright infrared luminosity and a large amount of gas, and locating in the interacting
systems, the investigations on local ULIRGs could enlighten our understanding about the
high-redshift submillimeter galaxies.
A large ULIRG sample is needed to study their central BHs, the BH−host galaxy re-
lation, and galaxy evolution. The best-known samples of IRAS luminous infrared galaxies
and ULIRGs are the Bright Galaxy Sample of Soifer et al. (1987), updated into the Revised
Bright Galaxy Sample by Sanders et al. (2003), the complete flux-limited IRAS 1 Jy sam-
ple (Kim & Sanders 1998), the 2 Jy sample of Strauss et al. (1990), and the FIRST/IRAS
sample of Stanford et al. (2000). Since the Sloan Digital Sky Survey (SDSS) covers more
than a quarter of the sky, more ULIRGs with relatively high quality spectra can be found
by the cross-correlation of IRAS data with the SDSS. Goto (2005) investigated the optical
properties of 4248 infrared galaxies with LIR of 10
9 to 1013.57 L⊙ from the cross-correlation
between SDSS DR3 spectroscopic sample of galaxies and IRAS sources, and 181 of them
are ULIRGs. Pasquali et al. (2005) used the SDSS DR2 data to study the optical proper-
ties of IRAS galaxies. Cao et al. (2006) identified 1207 luminous infrared galaxies and 57
ULIRGs from SDSS DR2 for a statistical study. Hwang et al. (2007) identified 324 ULIRGs
from the SDSS, 2dF Galaxy Redshift Survey (Colless et al. 2001), and 6dF Galaxy Survey
(Jones et al. 2004). Because the new SDSS spectroscopic sample of galaxies in DR6 has been
released (Adelman-McCarthy et al. 2008), a larger ULIRG sample can be identified and then
used to re-examine the statistical properties of ULIRGs.
This paper is organized as follows. In Section 2, we make a cross-identification between
the IRAS Faint Source Catalog and the spectroscopic catalog of the SDSS DR6, and obtain
a ULIRG sample. We separate them into two sub-samples, NL ULIRGs and Type I ULIRGs,
and fit their SDSS spectra. We present the results and discuss the NL ULIRG sample in
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Section 3. In Section 4, we carry out a study on the BH masses and the MBH−σ relation of
Type I ULIRGs. The discussions and conclusions are presented in Sections 5 and 6. In this
paper, we adopt H0 = 70 km s
−1 Mpc−1, Ωm = 0.3, and ΩΛ = 0.7.
2. The ULIRG sample
SDSS DR6 spectra catalog contains about 750,000 galaxies and QSOs and covers over
7425 deg2 (Adelman-McCarthy et al. 2008). IRAS Faint Sources Catalog (Moshir et al.
1992, hereafter FSC92) contains 173,044 sources with IR flux in bands of 12, 25, 60, and
100 µm. Although the IRAS data set was published more than 17 years ago, it is still very
underexplored. Only 43% of the total IRAS extragalactic FSC sources have been included
in any sort of publication (Lonsdale et al. 2006).
The positional uncertainty of IRAS source (about 1−13 arcsec for the in-scan direction
and 3−55 arcsec for the cross-scan direction) is much larger than that of the object in the
SDSS DR6, and is described by an uncertainty ellipse. Similar to Hwang et al. (2007) and
Cao et al. (2006), we used the positional uncertainty ellipse of each IRAS source to obtain
their matched counterparts in the SDSS. If a galaxy of the SDSS DR6 falls into the 3σ
uncertainty ellipse of IRAS source, we regarded them as a match. As a result, we found that
11,354 IRAS sources have only one counterpart in the SDSS DR6 and 984 have more than
one counterparts. In the later case, the likelihood ratio method (see Sutherland & Saunders
1992; Hwang et al. 2007; Cao et al. 2006) is used to determine which counterpart of this
IRAS source is the most probable one. After doing these, we obtained a list of 12,338 IRAS
sources with SDSS DR6 optical counterparts.
2.1. Selection criteria
Our selection criteria of ULIRGs are shown as follows: for the 12,338 matched IRAS
sources, their 12 µm and 25 µm flux densities are mostly upper limits. Therefore, we cal-
culated their far-infrared luminosity by using 60 µm and 100 µm fluxes with the following
formulae (see Helou et al. 1988; Sanders & Mirabel 1996) and converted it to the total in-
frared luminosity (Calzetti et al. 2000):
FFIR = 1.26× 10
−14{2.58f60 + f100}(W m
−2), (1)
LFIR = 4piD
2
LFFIR(L⊙), (2)
LIR(1− 1000µm) = 1.75LFIR. (3)
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Here f60, f100 are the IRAS flux densities in Jy at 60 and 100 µm, DL is the luminosity
distance, FFIR is the far-infrared flux, LFIR is the far-infrared luminosity, and LIR is the
infrared luminosity in L⊙. For all the matched sources, we also required that the 60 µm flux
with high quality measurement (In the FSC92, high quality, moderate quality, and upper
limits of the flux measurements are marked as 3, 2, and 1, respectively). Because the 100 µm
flux does not affect much on the value of LIR (see Cao et al. 2006), we do not set the limit
to the quality of the 100 µm flux density. The redshift confidence of each source should be
larger than 0.65. Finally we identified 325 ULIRG candidates with an IR luminosity greater
than 1012 L⊙. When we check these 325 ULIRG candidates by using the NASA/IPAC
Extragalactic Database (NED), we found 18 sources whose redshifts provided in the NED
are not consistent with our results. According to the NED identifications, nine of these 18
sources have a Petrosian r-band magnitude less than 15, so they are too bright for the SDSS.
If calculated their LIR with the redshifts provided in the NED, we found that 17 of 18 sources
are not ULIRGs. This discrepancy is probably due to the large position error of the IRAS
sources and the incompleteness of the SDSS spectra. The fraction of the sources which are
not excluded in the examination with the NED (307/325) is about 94.5%, which is consistent
with the reliability of our sample (about 93.4%, see the next section). By excluding these 17
objects, we obtain a sample of 308 ULIRGs. Detailed information of our ULIRGs is given
in Table 1.
The distributions of redshift and infrared luminosity of ULIRGs are shown in Figure 1.
The redshifts of our ULIRG sample cover a range from about 0.03−0.6, with a median value
of about 0.2, which is similar to that of Hwang et al. (2007).
We compared our result with that of Hwang et al. (2007), who identified 126 ULIRGs
from SDSS DR4 but adopted different methods to calculate LIR. Our catalog recovers
122 of their 126 ULIRGs. For the rest of the four sources in their sample, F07568+4823
and F11553+4557 have IR luminosities of 1011.99 L⊙ in our result and thus are not selected;
F10200+4839 and F15239+4331 are not ULIRGs, and wrong optical counterparts were iden-
tified by Hwang et al. (2007).
In order to obtain the radio properties of these ULIRGs, we also cross identified our
ULIRG sample with the NVSS (Condon et al. 1998) and FIRST (Becker et al. 1995; White et al.
1997) catalogs. Note that Best et al. (2005) used a hybrid NVSS−FIRST method to identify
the radio counterparts for SDSS DR2 galaxies with high reliability and completeness. We
followed their method to identify radio counterparts of our ULIRG sample, and found that
140 of 308 ULIRGs have counterparts in the NVSS catalog within a typical searching radius
about 15′′, and 132 of these 140 sources have FIRST counterparts within 3′′. Some of them are
probably core-dominant radio sources, such as F08201+2801, F13408+4047, F16413+3954,
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F10418+1153, F09105+4108, F13451+1232, F11206+3639 and F08507+3636. For the rest
of the 168 ULIRGs, 82 of them have one FIRST counterpart within 3′′, and their radio flux
densities are below or close to the NVSS flux limit (about 2.5 mJy). The radio information
of these 222 ULIRGs is listed in our ULIRG catalog (see Table 1).
2.2. Reliability estimated with the likelihood ratio method
To estimate the reliability of our sample, we follow Cao et al. (2006) and Hwang et al.
(2007) and adopt a likelihood ratio method (Sutherland & Saunders 1992). The likelihood
ratio p is defined as
p=
Q(≤ mr) exp(−R
2/2)
2piσaσbn(≤ mr)
, (4)
where Q(≤ mr) is the multiplicative factor measuring the probability for a true optical
counterpart brighter than the flux limit exists in the association, and we set Q = 1 for
simplicity. σa and σb are the standard deviations, and mr is the SDSS r-band magnitude.
Here we assume that the errors are Gaussian distributed(the error of an IRAS source is not
a pure Gaussian, but in the statistical sense, the result of likelihood ratio study can still be
used to evaluate the reliability), and define R as
R2 =
(d1)
2
σa12 + σa22
+
(d2)
2
σb12 + σb22
, (5)
where d1 and d2 are the positional differences along the two axes of the error ellipse between
each IRAS source and its SDSS counterpart, σa1 and σb1 are the errors of each IRAS source
along the x- and y-axes, σa2 and σb2 are the errors of each matched SDSS source along the
x- and y-axes. Because the positional error of an SDSS source is much smaller than that of
an IRAS source, we only consider σa1 and σb1 .
In this work, we adopt the 3σ error ellipse as the match justification; thus n(≤ mr) can
be obtained by using the formula:
n(≤ mr) =
N(≤ mr)
9piσa1σb1
, (6)
where n(≤ mr) is the total surface density of objects brighter than the candidate, and
N(≤ mr) is the number of galaxies whose magnitude is less than or equal to mr. Under
the above considerations, we obtain
p=
9 exp(−R2/2)
2N(≤ mr)
, (7)
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where we use the r-band Petrosian magnitude for galaxies of the SDSS DR6 to calculate p
of each source. To obtain the reliability, we adopt the method proposed by Lonsdale et al.
(1998) and Masci et al. (2001). The reliability of a source with p is given by
Re(p) = 1−
Nrandom(p)
Ntrue(p)
, (8)
where Ntrue(p) represents the number of true associations, and Nrandom(p) represents the
number of random associations with a p, which can be derived by offsetting the positions of
IRAS sources and re-calculating the associated sample. The numbers of true and random-
matched sources are 12,338 and 813, and then the reliability of our sample is about 93.4%.
Thus we believe that our ULIRG sample is reliable enough to make a statistical study on
the properties of NL ULIRGs and Type I ULIRGs. The distribution of the reliabilities for
our 308 ULIRGs is shown in Figure 2.
2.3. The optical images of ULIRGs
We examine the images of these 308 ULIRGs by using the SDSS DR6 Image List Tool.
Due to the limited resolution of the SDSS image, we can only mark the ULIRGs with an
obvious interaction feature. ULIRGs are classified into (see Veilleux et al. 2002) class I with
one nucleus but with tail features; class II have two identified nuclei and well-developed tidal
tails or/and bridges; class III have two close or even overlapped nuclei, and their redshifts
(almost in all cases, only one source in this system has spectral redshift measurements, and
another/others have only SDSS photometric redshift data) are consistent. Examples are
shown in Figure 3. About 56% of the ULIRGs in our total sample show obvious interaction
features. The nearby ULIRGs show more clearly the interaction features, with the percentage
of about 92% for z< 0.1, 84% for z< 0.15, and 79% for z< 0.2. The selection effect is obvious
in the classification of interaction features of the ULIRGs, because we can see the tails and
two interacting galaxies at the maximum redshift about z = 0.3. Objects at various merger
stages appear in our ULIRG sample. Some of them are still widely separated, and some are
advanced mergers. The minimum separation between two nuclei in our sample is about 2′′.
The imaging property is classified for each source in Table 1.
Optical spectra of all 308 ULIRGs are available in the SDSS archive. This is the largest
sample of ULIRGs with optical spectra.
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Fig. 1.— Distribution of redshift (left panel) and LIR (right panel) of our ULIRG sample.
Fig. 2.— Distribution of source matching reliabilities of our ULIRG sample.
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Fig. 3.— Examples of SDSS images of ULIRGs with (the upper eight ) or without (the lower
eight) obvious interacting features in our sample. The interaction classifications are labeled
for the upper eight ULIRGs.
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2.4. Optical spectra of ULIRGs
We want to identify Type I ULIRGs and NL ULIRGs from this sample. Only the spectra
with signal-to-noise (S/N) > 3 are considered in this study. After excluding the sources with
no obvious emission lines in their spectra, we found 209 sources with emission lines, 62 of
which have broad-line components and are Type I ULIRGs.
SDSS spectra were processed as follows: first, we correct the Galactic extinction and
redshift effects, and then subtract the FeII emissions from the continuum by use of the
optical iron template from Boroson & Green (1992) in the wavelength range 4250 A˚ < λ <
7000 A˚. Second, we fit the spectra using the Mpfit package in IDL which is based on the
Levenberg−Marquardt method. The continuum emission of ULIRGs comes from central
AGN and host galaxy, and is often modified by the intrinsic dust extinctions. These effects
should be considered for the determination of the continuum flux. A local power law is used
for fitting the continuum. After the subtraction of the fitted continuum emission from the
spectra, we fit the emission lines. For NL ULIRGs, we use a single Gaussian profile to fit
the Hα, Hβ, [OIII]4959, 5007, [NII]6548, 6583, [SII]6716, 6731 , and [OI]6300 emission lines.
When a single Gaussian cannot fit the profile of emission lines very well, double Gaussians
are used to obtain the line flux. For Type I UILRGs, we use two Gaussian components to
fit Hα and Hβ. If the [OIII] emission lines can not be well fitted by a single Gaussian, two
Gaussian components are also used. Examples of the fitted spectra are given in Figure 4.
3. NL ULIRGs
The emission-line properties of 147 NL ULIRGs in our sample can be obtained and
are listed in Table 1. We first classify them using the Baldwin−Phillips−Terlevich (BPT)
diagram (Baldwin et al. 1981, see Figure 5).
The Balmer decrement method is often used to evaluate the intrinsic reddening effect.
In previous works (e.g. Kewley et al. 2006; Veilleux et al. 1999a,b), Hα/Hβ = 2.85 was used
for galaxies whose emissions are dominated by star formation, and Hα/Hβ = 3.1 is used
for galaxies dominated by the AGN. But before we classify the object through the BPT
diagrams, we can not assess which source is dominated by the star formation or the AGN. In
this work, we adopt the intrinsic ratio Hα/Hβ = 3.1, and the reddening curve of Cardelli et al.
(1989, hereafter CCM89), and also assume Rv = Av/E(B − V ) = 3.1 to do the optical
classification. In order to examine the influence of the intrinsic ratio of Hα/Hβ, we also used
Hα/Hβ = 2.85 to do the classification again, and found that the classification of only one
source (F09444+1019) is not consistent with the case of assuming Hα/Hβ = 3.1.
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Fig. 4.— Examples of our fitted SDSS spectra for the Hβ and Hα regions for a NL ULIRG
(two upper panels) and a Type I ULIRG (two lower panels)
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The intrinsic flux at wavelength λ can be expressed as
I(λ) = F (λ)× 10cf(λ). (9)
The relation between the intrinsic and observed line ratio of Hα and Hβ is
I(Hα)/I(Hβ) = 10
c(f(Hα)−f(Hβ)) × F (Hα)/F (Hβ), (10)
where f(λ) is related to the generalized CCM89 reddening curve, I(λ) is the intrinsic flux,
F (λ) is the observed flux, and c is the value of the Balmer extinction. We estimated c from
the observed line ratio and the reddening curve, after the intrinsic line ratio is assumed. We
use the new classification scheme made by Kewley et al. (2006) for the classification.
The 147 NL ULIRGs are classified as five types: 29 star-forming galaxies, 62 com-
posite galaxies (which are likely to contain metal-rich stellar populations, plus AGN, see
Kewley et al. 2006), 34 Seyfert galaxies, 6 LINERs, and 16 ambiguous galaxies, which are
classified as one type in one or two diagrams but another type in the other diagram(s).
Together with the 62 Type I ULIRGs, the percentage for AGNs is about 78% if we regard
that the composite galaxies also contain AGNs. The AGN percentage becomes 49% if we
only consider the Seyfert galaxies, LINERs, and Type I ULIRGs. The AGN percentage of
ULIRGs increases with the infrared luminosity, consistent with the results in previous works
(e.g. Veilleux et al. 1995, 1997; Wu et al. 1998b; Cao et al. 2006). The percentage (only con-
sider the Seyfert galaxies, LINERs, and Type I ULIRGs as AGNs) is 71% for ULIRGs with
LIR > 12.3 L⊙, and 89% for LIR > 12.4 L⊙.
A tight correlation between far-infrared and radio luminosities, covering about four
orders of magnitude in the LIR, has been found for infrared-selected galaxies (e.g. Helou et al.
1985; Yun et al. 2001). The non-thermal radiation from the relativistic electrons related to
the supernova remnants is believed to be the main reason of this relation. Here, we verify
this relation using our ULIRG sample. The FIRST flux density was used to calculate the
radio luminosity. In our sample, 214 ULIRGs have FIRST counterparts, including 118 NL
ULIRGs and 45 Type I ULIRGs.
The luminosities at 60 µm and at 1.4 GHz radio band are obtained using the following
formulae (Yun et al. 2001):
logL1.4GHz(W Hz
−1) = 20.08 + 2logD + logS1.4GHz, (11)
logL60µm(L⊙) = 6.014 + 2logD + logS60µm, (12)
where D is the luminosity distance in Mpc, S1.4GHz and S60µm are flux densities in units of Jy.
The radio−FIR relation of our ULIRGs is shown in Figure 6. To examine the deviation of
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Fig. 5.— BPT diagrams for 147 NL ULIRGs. The Balmer decrement method has been used
to derive the extinction corrected flux of each emission line. Upper panel: the [NII]/Hα vs.
[OIII]/Hβ diagnostic diagram. The solid line is from Kewley et al. (2006), the dashed line is
from Kauffmann et al. (2003). Middle panel: the [SII]/Hα vs. [OIII]/Hβ diagnostic diagram.
The two lines are from Kewley et al. (2006). Lower panel: The [OI]/Hα vs. [OIII]/Hβ
diagnostic diagram. The two lines are from Kewley et al. (2006).
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these ULIRGs from the linear relation, we also calculated the q parameter (see Condon et al.
1991a; Yun et al. 2001),
q = log(
2.58S60µm + S100µm
2.98Jy
)− log(
S1.4GHz
Jy
). (13)
A plot of q versus L60µm is shown in Figure 7. The radio excess objects (i.e., the objects having
3 times larger radio flux density than the expected values from the linear radio−FIR relation
of Yun et al. (2001)) are AGNs, either Type I ULIRGs, or Seyfert galaxies. Therefore, the
radio−FIR relation originates from the starburst-related non-thermal radiation, and the
radio excess objects are due to the AGN-related radio emission (Roy & Norris 1997).
4. Type I ULIRGs
In our ULIRG sample, there are 62 Type I ULIRGs. We can explore their properties
of central BHs. Examples of their SDSS spectra are shown in Figure 8. The parameters of
these Type I ULIRGs are listed in Table 2.
4.1. Black hole masses of Type I ULIRGs
We assume that the motion of the gas moving around the central BH is dominated
by the gravitation force and that the gas of broad emission line region (hereafter BLR) is
virialized (e.g. Peterson & Wandel 1999, 2000). The BH mass can then be expressed as
MBH =
RBLRV
2
G
, and the realistic formula given by Kaspi et al. (2000) is:
MBH
M⊙
= 1.464× 105(
RBLR
lt− days
)(
vFWHM
103km s−1
)2, (14)
where vFWHM is the FWHM of the broad emission line, and RBLR is the radius of the BLR. For
our objects, the vFWHM is taken as the FWHM of the broad component of the Hβ emission
line, and the RBLR can be estimated from the FeII and the Galactic-extinction-corrected
continuum luminosity at 5100 A˚ , using:
RBLR
lt− days
= (26.4± 4.4)[
λLλ(5100A˚)
1044erg s−1
](0.61±0.10). (15)
The relation between RBLR and Lλ(5100A˚) was first found by Kaspi et al. (2000), and their
data were refitted by McLure & Jarvis (2002) in the same cosmology as we adopted. Here we
assume that the central AGN dominates the continuum emission at 5100 A˚, and the contribu-
tion from stellar emission and the intrinsic reddening effect can be neglected. Kawakatu et al.
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Fig. 6.— 1.4 GHz radio luminosity vs. IRAS 60 µm luminosity for our NL ULIRGs and
Type I ULIRGs. The dashed line is the best fit given by Yun et al. (2001) from 1809 infrared
galaxies.
Fig. 7.— The q-values plotted against the IRAS 60 µm luminosities for the same sample
used in Figure 6. The dashed line marks the average value of q = 2.34 obtained by Yun et al.
(2001) from a sample of 1809 infrared galaxies. The two dot-dashed lines represent a three
times larger radio (lower line) or IR (upper line) flux density than the expected values from
the linear radio−FIR relation of Yun et al. (2001).
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Fig. 8.— Examples of SDSS spectra of Type I ULIRGs in our sample. In each panel, the
top curve is the extinction and redshift-corrected spectra. The middle curve is the spectra
after the subtraction of the FeII emissions, which was shifted downward. The bottom curve
is the model for FeII emissions.
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(2006) argued that, for Type I ULIRGs, the central AGN dominance of the 5100 A˚ emission
is reasonable.
To investigate the BH masses of Type I ULIRGs systematically, a large sample is abso-
lutely needed. Kawakatu et al. (2006) used eight ULIRGs from the Type I ULIRG sample of
Zheng et al. (2002) to investigate this problem, and concluded that the BH masses of Type
I ULIRGs are typically smaller than those of PG QSOs. The FWHMHβ they used is not the
broad component of Hβ, which leads to an underestimation of the BH mass. Hao et al. (2005)
carried out a study on Type I ULIRGs, with a sample mainly from Zheng et al. (2002), but
added several PG QSOs. The FWHM of the Hβ broad component they used was estimated in
the same way as that in Boroson & Green (1992), who used double components to fit the Hβ
line. Hao et al. (2005) used the cosmology ofH0 = 70 km s
−1 Mpc−1, Ωm = 0.3, and ΩΛ = 0.7,
the same as ours. We noted that three of our 62 Type I ULIRGs were listed in their sample:
for F01572+0009, the BH mass in our work (log(MBH/M⊙) ∼ 8.0) is consistent with their
result (log(MBH/M⊙) ∼ 7.7). For F10026+4347, the same BH mass (log(MBH/M⊙) ∼ 7.8)
is given in Hao et al. (2005) and our work. But for the other source F13342+3932, the BH
mass we obtained (log(MBH/M⊙) ∼ 8.4) is larger than theirs (log(MBH/M⊙) ∼ 7.4), mainly
because we use the much more broad component of Hβ from SDSS spectra.
We combine the sample of Hao et al. (2005) with ours, and obtain a large sample of
90 Type I ULIRGs. The distribution of the BH mass of this sample is shown in Figure 9,
together with that of PG QSOs. Obviously, the BH masses of Type I ULIRGs (with a
mean value of 6.7×107M⊙ for these 90 Type I ULIRGs and about 7.6×10
7M⊙ for our 62
Type I ULIRGs) are systematically smaller than those of PG QSOs (with a mean value of
2×108M⊙), consistent with the popular evolutionary scheme that ULIRGs are in a pre-QSO
phase and their central BHs are still under growing.
The bolometric luminosity Lbol measures the total luminosity associated with the AGN.
We estimate the bolometric luminosity using the formula in Kaspi et al. (2000): Lbol ≈ 9λLλ(5100A˚).
For those ULIRGs from Hao et al. (2005), we directly use their data because they used the
same method to calculate the BH mass and Lbol. The distribution of the Eddington ratio
of this sample is shown in Figure 10, and the mean value is about 0.92 for these 90 Type
I ULIRGs, and 0.55 for our 62 Type I ULIRGs , larger than that of PG QSOs (the mean
value of the Eddington ratio for them is about 0.2).
The intrinsic reddening effect in Type I ULIRGs is still poorly known, and it probably
affects the estimation of the optical luminosity. The Balmer decrement method is often
used to estimate the reddening effect for narrow emission galaxies, but is seldom used for
broad emission-line galaxies. In principle, the observations in the X-ray band can be used
to estimate the absorption column density and then the absorption. But for our 62 Type I
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Fig. 9.— BH mass distribution. The solid line represents the BH mass distribution of our
sample and the Type I ULIRGs from Hao et al.(2005), while the dot-dashed line is for that
of the PG QSOs obtained from Hao et al.(2005).
Fig. 10.— Eddington ratio distribution of 90 Type I ULIRGs from our sample and Hao et al.
(2005), while the dot-dashed line is for that of the PG QSOs obtained from Hao et al.(2005).
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ULIRGs, only several have been observed in the X-ray band. More work is still needed to
understand the intrinsic reddening effect in Type I ULIRGs.
4.2. The MBH−σ relation for Type I ULIRGs
The MBH−σ relation for ULIRGs was seldom discussed in the past, mainly due to the
poor understanding of BH masses and the limitation of the sample size. Dasyra et al. (2006b)
measured the velocity dispersions of 54 ULIRGs, and carried out a simulation to study the
reasonableness of using the MBH−σ relation to estimate their BH masses. They concluded
that if the efficiency of gas accretion onto the BH from its surroundings remains constant
with time, this relation can be used. For Type I ULIRGs, we can estimate their BH masses
and velocity dispersions by use of their optical spectra, thus it is possible to test theMBH−σ
relation for ULIRGs by observation. Here we investigate the MBH−σ relation for our Type
I ULIRG sample.
When the stellar velocity dispersions have measured data in the literature, we adopt
them directly, otherwise, the line width of some narrow emission lines, such as [OIII]5007,
[OIII]5007 NL core, [SII]6716 or 6731, are used to be the surrogates for σ, which were usu-
ally adopted in the studies on different types of AGNs (e.g. Nelson 2000; Boroson 2003;
Grupe & Mathur 2004; Salviander et al. 2007; Komossa & Xu 2007). For six sources, F01572+0009,
F12540+5708, F15462−0450, F21219−1757, F13451+1232(w), and PG 0050+124, their ve-
locity dispersions have been measured in Dasyra et al. (2006a,b, 2007), and are directly
adopted here. BH mass uncertainty is estimated from the uncertainty of the formula
Equation (15) and the errors of the Lλ(5100A˚) and FWHMHβ . The uncertainty of σ is esti-
mated from the fitting error of FWHM of emission lines, and the instrumental resolution for
SDSS spectra is about 70 km s−1. To make a comparison, we also use the value of seven
QSOs from Dasyra et al. (2007), who measured the σ for 11 QSOs. Among these 11 QSOs,
PG0050+124 is identified as a Type I ULIRG and PG1404+226 as a NL Seyfert 1 galaxy in
Hao et al. (2005). PG1426+015 is an interacting system. The BH mass of LBQS0307−0101
is unavailable. Thus only seven of 11 QSOs are used. The instrumental resolution for their
measured velocity dispersion is about 30 km s−1.
We show the MBH−σ relation of our sample by using these surrogates of σ in Figure 11,
where σ = FWHMlines/2.35. Because the outflow may influence the profile of [OIII], there are
some problems when using the FWHM of the [OIII]5007 profile as the surrogate of σ. Thus
we do not adopt the FWHM of the [OIII]5007 profile as the surrogate of σ. In the upper
panel, the FWHM of the [OIII] NL core is used to estimate σ. Komossa & Xu (2007) used
[SII] as the surrogate of σ and found that NL Seyfert 1s do follow theMBH−σ relation. In the
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Fig. 11.— MBH−σ diagrams for Type I ULIRGs. The filled triangles represent the six
sources with measured σ in Dasyra et al. (2006a,b, 2007), open triangles represent the seven
QSOs with measured σ in Dasyra et al. (2007), filled circles indicate the ULIRGs whose
parameters are estimated in this work. If σ is unavailable in reference, it was estimated by
several methods: in the upper panel, the σ is estimated from the FWHM of the [OIII] NL
core; in the middle panel, the σ is estimated from the FWHM of the [SII] profile; in the lower
panel, the same as the middle panel, except that for some sources, i.e. F11394+0108 and
F17234+6228, their velocity dispersions are estimated from the FWHM of the [OIII] NL core
because the FWHM of the [OIII] NL core is smaller than that of the [SII] profile. The dashed
line is the MBH−σ relation from Tremaine et al. (2002).
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Fig. 12.— MBH−σ and log(MBH/MBHt) vs. log(Lbol/LEdd) diagrams for ULIRGs with or
without obvious interaction features. The open squares represent the sources with interaction
features, the filled rhombuses represent the ULIRGs without interaction features, and the
open triangles indicate the QSOs with measured σ in Dasyra et al. (2007).
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Fig. 13.— log(MBH/MBHt) vs. log(Lbol/LEdd) relation of Type I ULIRGs. The filled triangles
represent the six sources with measured σ in Dasyra et al. (2006a,b, 2007), the open triangles
represent the seven QSOs with measured σ in Dasyra et al. (2007), the filled circles indicate
the ULIRGs whose parameters are estimated in this work. Upper panel: the MBHt is derived
from the σ used in the upper panel of Figure 11; Lower panel: the MBHt is obtained from
the σ used in the lower panel of Figure 11.
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middle panel, we use the FWHM of [SII] for σ of some ULIRGs. Some ULIRGs do not follow
theMBH−σ relation well. The larger deviations from this relation are, i.e., F11394+0108 and
F17234+6228, whose FWHMs of [SII] are broader than those of [OIII] profile. The FWHM
of [OIII] NL core is used to estimate σ for these ULIRGs and the result is shown in the
lower panel of Figure 11. Considering the error bars, we found that most ULIRGs follow
the MBH−σ relation, but several sources have relatively larger deviations compared with
those seven QSOs. This can be seen even from those six ULIRGs with measured velocity
dispersions. Therefore most Type I ULIRGs follow the MBH−σ relation and probably are at
a late evolutionary stage, though several ULIRGs do not follow this relation, which probably
hints that AGN phase appears in the late evolutionary stage of ULIRGs, and the MBH−σ
relation of most Type I ULIRGs has already built up. According to the popular evolutionary
picture of ULIRGs, during the evolution phase of ULIRGs to QSO, their BHs are growing,
and the MBH−σ relation is building up step by step. The scatter in the MBH−σ diagram
probably reflect the fact that ULIRGs are in different evolutionary stages and the central
BHs of some ULIRGs are still rapidly growing. Therefore, the interaction properties of these
Type I ULIRGs may be the hint in understanding this problem.
In our sample, F13451+3932 is an interaction system with two bright nuclei, BH mass
and velocity dispersion of the west nucleus can be obtained. F10531+5531 and F15529+4545
are interaction systems. F14394+5332 interacts with a companion galaxy. Some sources show
that tidal tail/plume features interact with a much smaller galaxy, such as F01572+0009,
F09591+2045, F11162+6020, F07548+4227, F11134+0225, F14026+4341, F14315+2955,
F14390+6209 F11206+3639, F11394+0108, F13342+3932, F15320+0325, F15437+4647, F16122+1531,
F17234+6228. Some Type I ULIRGs are probably interacting systems but not certain be-
cause of the lower image resolution and the lack of redshift data of their companions, such
as F11553−0259, F10015−0018, F14402+0108. Other ULIRGs do not show obvious interac-
tion features at least from their SDSS images. We compare those ULIRGs with or without
interaction features in the MBH−σ diagram. The result is shown in Figure 12. It seems that
the ULIRGs with interaction features have slightly larger deviations, but the difference is
not significant. Even for those ULIRGs with interaction features, some of them are close to
the MBH−σ line, and others have larger deviations, which implies that the MBH−σ relation
for some Type I ULIRGs is not fully built up. The sources in our sample do not show large
deviations from the MBH−σ line, probably because the AGN phase appears in the late stage
of mergers, and the interaction between central BH and its host galaxy already starts before
the ULIRGs present broad emission lines in the optical band. More observations are needed
to verify the interaction properties and merger stages of all these Type I ULIRGs.
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4.3. Dependence on the Eddington ratio
We show the log(MBH/MBHt) versus log(Lbol/LEdd) diagram in Figure 13, whereMBHt is
the BHmass calculated from theMBH−σ relation of Tremaine et al. (2002). Here log(MBH/MBHt)
represents the deviation of BH mass from the MBH−σ relation. The Eddington ratio
log(Lbol/LEdd) usually measures the accretion rate of BH. The uncertainty of log(MBH/MBHt)
is estimated from the uncertainties of MBH, the MBH−σ relation of Tremaine et al. (2002),
and σ. The uncertainty of log(Lbol/LEdd) is estimated from the errors of MBH and f
5100A˚
.
An anti-correlation trend appears in this plot even using different methods to estimate σ.
For the sources with larger deviations from the MBH−σ relation, they tend to have larger
Eddington ratios and smaller BH masses, implying that their BHs grow faster. For the
sources that are close to the MBH−σ relation, they have relatively smaller Eddington ratios
and larger BH masses, and their central BHs grow slowly. These results imply that differ-
ent kinds of ULIRGs probably exist (i.e., some are close to the MBH−σ relation and with
a relatively smaller Eddington ratio, some with larger deviations to the MBH−σ relation
and a relatively larger Eddington ratio), and they may have evolutionary connection. One
possible explanation of this trend is that the merger of gas-rich galaxies will first form a
non-regular host galaxy with a larger deviation from the MBH−σ relation. The interaction
between central BH and its host galaxy will slowly make it close to the MBH−σ relation,
since the Eddington ratio becomes smaller, the central BH becomes larger and the stars
around the central region form a more regular spheroid step by step. In Figure 12, we also
plot the log(MBH/MBHt) versus log(Lbol/LEdd) relation for ULIRGs with or without obvious
interaction features.
To estimate MBH and Lbol/LEdd, the continuum flux at 5100A˚ was used. One may
worry that the trend appeared in the log(MBH/MBHt) versus log(Lbol/LEdd) plot is due to
the common dependence of these two quantities on the continuum flux at 5100A˚. Because
log(MBH/MBHt) is proportional to log(L
0.61
5100A˚
) (we used the R − L relation of Kaspi et al.
2000), and log(Lbol/LEdd) is proportional to log(L
0.39
5100A˚
). If the relation depends on the
methods of estimatingMBH and Lbol/LEdd, log(MBH/MBHt) should increase as log(Lbol/LEdd)
increases. However, this is not the case in our plot. Therefore, we believe that the anti-
correlation trend between log(MBH/MBHt) and log(Lbol/LEdd) is real.
Another important issue is the identification reliability of our Type I ULIRG sample.
For 41 of 62 Type I ULIRGs, their counterparts and redshifts listed in the NED are consistent
with our results. For other 21 ULIRGs, no counterparts and redshifts are available in the
NED. As discussed in Section 2.3 and also see Figure 2, 18 of these 21 ULIRGs have their
reliability greater than 93%. Because the large position error of IRAS measurement, and the
incompleteness of SDSS spectra, several ULIRGs identified in this work may be problematic.
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This will not affect the statistical results about the NL ULIRGs. But for Type I ULIRGs, we
use 41 ULIRGs which are listed in the NED and six ULIRGs from the literature (Dasyra et al.
2006a,b, 2007) to re-do the same work, and found that our results do not change, as shown
in Figure 14.
4.4. The relation between LIR and λLλ(5100A˚)
The relation between IR and optical continuum luminosities is important in understand-
ing the origin of the IR emissions in galaxies. Here we compare the samples of Hao et al.
(2005) with our Type I ULIRGs, because they used the same cosmology as ours, although
their calculation of LIR is not consistent with ours (but the difference is very small, about
2%). We show the LIR versus λLλ(5100A˚) diagram in Figure 15. There is a tight correlation
between the LIR and λLλ(5100A˚) for PG QSOs and NL Seyfert 1 galaxies. The distribution
of our 62 Type I ULIRGs is consistent with that of Hao et al. (2005), and most Type I
ULIRGs are above the trend which was defined by the PG QSOs and narrow line Seyfert
1 galaxies. If this correlation can be explained as both the infrared and optical continuum
emissions of PG QSOs and NL Seyfert 1 are mainly from the AGN, the deviation to this
correlation may imply an additional contribution to the LIR besides the AGN in Type I
ULIRGs, i.e., the contribution from starbursts.
5. Discussions
The intrinsic extinction of ULIRGs is significant. Kawakatu et al. (2006) estimated the
optical extinction of three Type I ULIRGs using the X-ray data, and concluded that the
optical extinction AV is probably less than 1. While the typical optical extinction estimated
from the Balmer decrement method for the NL ULIRGs is about 3 (see the E(B−V ) values
provided in Veilleux et al. 1999a, under the assumption of R = AV /E(B− V ) = 3.1). This
result proves that the optical extinction of Type I ULIRGs is typically smaller than that of
NL ULIRGs. We compared the optical extinction obtained from the X−ray method and the
Balmer decrement method for these three Type I ULIRGs. For F11598−0112, the optical
extinctions derived by these two methods are consistent with each other, both being about
0.03. For F01572+0009, these two methods give smaller values of the optical extinction. For
the remaining one, F11119+3257, the extinctions derived by these two methods have a large
difference. The extinction effect in different evolutionary stages may have a large difference.
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Fig. 14.— Two examples about the same results in Figures 11 and 13, but only the data
have been confirmed in previous works were used.
Fig. 15.— LIR vs. λLλ(5100A˚). The open circles indicate the PG QSOs, the open triangles
represent the NL Seyfert 1 galaxies, and the crosses denote the Type I ULIRGs. These data
are taken from Hao et al. (2005). The filled circles are new data of the Type I ULIRGs in
our sample.
– 27 –
Recently, Dong et al. (2008) carried out a study on the broad-line Balmer decrement in
Seyfert 1 galaxies and QSOs, and concluded that the Balmer decrement is a good indicator
for dust extinction. We use the Balmer decrement method to test the influence of extinction
on our results. After such a correction, the mean BH mass of our Type I ULIRGs sample
becomes log(MBH/M⊙) ≈ 8.1, which is larger than log(MBH/M⊙) ≈ 7.8 obtained without
this correction, and is still typically smaller than that of PG QSOs (log(MBH/M⊙) ≈ 8.4).
The anti-correlation trend appeared in the log(MBH/MBHt) versus log(Lbol/LEdd) plot still
exists. Therefore, we believe that the optical extinction does not affect our main results
significantly.
In Figure 11 and Figure 13, we note that the sources which are close to the MBH−σ
relation tend to have relatively smaller Eddington ratios and larger BH masses. The distri-
butions of their BH masses and Eddington ratios are similar with those of PG QSOs (see
the upper panel in Figure 13). For the ULIRGs with larger deviations from the MBH−σ
line, they tend to have larger Eddington ratios and smaller BH masses. An evolutionary
connection may exist between them. When the BH activity in ULIRGs is active enough,
the central BH can blow away a large fraction of the surrounding gases, and the ULIRGs
appear as Type I ULIRGs, their central BHs are still experiencing fast growth (i.e., with
a large value of Eddington ratio), and they have relatively larger deviations from the typ-
ical MBH−σ relation. As the co-evolution of the central BH and its host galaxy, the host
galaxy will form a spheroid gradually, and the growth of central BH becomes slower. At
this time, the ULIRGs probably appear like optically bright QSOs. Thus the evolution of
Type I ULIRGs is probably followed by the building up of the MBH−σ relation and evolving
towards the QSO phase.
Cao et al. (2008) compared the mid-infrared spectroscopic properties of 19 local Type I
ULIRGs (named IR QSOs in their work) with that of QSOs and ULIRGs. They concluded
that the MIR spectra slopes, the polycyclic aromatic hydrocarbon (PAH) emission strengths,
and [NeII] 12.81 µm luminosities of Type I ULIRGs differ from those of PG QSOs but are
comparable with ULIRGs. Their results support that Type I ULIRGs are at a transitional
stage from ULIRGs to classical QSOs, which are consistent with ours. Therefore, Type I
ULIRGs are important for the understanding of co-evolution of the central BH and its host
galaxy.
6. Conclusions
We identified 308 ULIRGs from the SDSS DR6 spectroscopy catalog and the IRAS Faint
Source Catalog. This is, to date, the largest ULIRG sample with optical spectra in the local
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universe. About 56% of them show obvious interaction features, and this percentage increases
for objects with smaller redshifts, probably due to the selection effect. After excluding the
ULIRGs without obvious emission lines (with S/N < 3 or suffer serious absorptions around
the emission lines), we obtained 147 NL ULIRGs (with only narrow emission lines in their
spectra) and 62 Type I ULIRGs (with broad emission lines) in this sample. At least 49% of
these 209 ULIRGs contain AGNs, and this percentage increases with LIR. The ULIRGs near
the radio−FIR relation mainly have the starburst related emissions, and the radio excess in
some objects is due to the AGN related radio emissions.
In combination with previous data, a large sample of 90 Type I ULIRGs is used to
study their BH masses and BH−host galaxy relation. We found that their BH masses are
systematically smaller than those of PG QSOs, even though the optical extinction effects were
corrected through the Balmer decrement method. Their Eddington ratios are systematically
larger than those of PG QSOs. Most Type I ULIRGs in our sample follow the MBH−σ
relation, but some do not, even the FWHM of [OIII] narrow line core or [SII] was used as the
surrogate of velocity dispersion, which implies that some Type I ULIRGs are in the early
stage of galaxy evolution and their MBH−σ relation is still building up.
We found an anti-correlation trend between log(MBH/MBHt) and log(Lbol/LEdd), where
MBHt is the BH mass derived from theMBH−σ relation of Tremaine et al. (2002). The Type
I ULIRGs with larger deviations from the MBH−σ relation tend to have larger Eddington
ratios and smaller BH masses, and the ULIRGs which are close to the MBH−σ relation tend
to have smaller Eddington ratios and larger BH masses. This anti-correlation trend implies
that the evolution of Type I ULIRGs is probably followed by the building up of the MBH−σ
relation and evolving towards the QSO phase. Different types of ULIRGs are probably at
different evolution stages.
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Table 1. The parameters of our ULIRG sample.
IRAS Name zsdss SDSS Name log(
LIR
L⊙
) SNVSS1.4GHz S
FIRST
1.4GHz Note NED fHβ fOIII5007 fHα fNII6583 fSII fOI6300 Note
(mJy) (mJy)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15)
F00090−0054 0.195 J001138.79−003813.7 12.10 1.17 I Yes
F01093−1002 0.131 J011152.64−094559.8 12.00 6.2 5.38 n Yes 0.92±0.07 0.61±0.04 6.02±0.07 3.54±0.06 2.45±0.10 0.46±0.03 Composite
F01166−0844 0.118 J011907.57−082909.6 12.09 2.10 III Yes 0.73±0.04 0.15±0.03 3.11±0.06 1.67±0.04 1.02±0.04 0.06±0.02 Starburst
F01329+1439 0.218 J013537.56+145510.9 12.17 n Yes 6.14±0.06 13.51±0.09 26.22±0.16 5.03±0.06 6.22±0.07 0.87±0.03 Starburst
F01347+0042 0.198 J013720.02+005722.3 12.10 3.3 2.92 III Yes 0.32±0.10 0.20±0.04 2.92±0.08 2.05±0.07 1.37±0.07 0.25±0.04 Composite
F01462+0014 0.280 J014852.58+002859.9 12.31 2.8 2.38 II Yes 0.92±0.04 0.76±0.03 6.70±0.10 3.82±0.09 2.27±0.08 0.33±0.05 Composite
F01478+1254 0.147 J015028.40+130858.4 12.02 III Yes 7.45±0.13 17.94±0.09 28.73±0.13 6.30±0.04 6.21±0.05 0.81±0.03 Starburst
F01572+0009 0.163 J015950.25+002340.8 12.52 26.2 24.08 I Yes
F02016−0108 0.334 J020412.43−005351.4 12.63 n Yes
F02280−0746 0.295 J023028.69−073304.5 12.20 1.27 n Yes 0.53±0.05 0.37±0.03 4.56±0.09 2.80±0.06 2.08±0.08 0.19±0.04 Composite
F02417−0043 0.200 J024417.44−003041.1 12.14 10.3 9.39 III Yes 0.64±0.05 5.77±0.46 8.43±0.14 15.63±0.15 4.50±0.09 0.97±0.06 Seyfert
F02486−0714 0.327 J025105.28−070230.2 12.32 6.9 5.80 I Yes
F03209−0806 0.166 J032322.87−075615.3 12.27 4.8 I Yes 0.94±0.04 0.91±0.05 9.24±0.07 6.92±0.06 3.26±0.06 0.58±0.04 Composite
F03264−0705 0.220 J032855.39−065535.8 12.04 II No
F07391+3219 0.380 J074217.08+321315.1 12.67 II Yes
F07445+2435 0.208 J074737.14+242802.6 12.15 1.35 n No
F07448+1813 0.340 J074741.95+180528.1 12.46 n No
F07460+1728 0.167 J074855.47+172125.5 12.02 III No
F07479+2646 0.384 J075104.19+263850.9 12.49 1.62 I Yes
F07526+4858 0.349 J075622.12+484941.8 12.47 n Yes
F07548+4227 0.211 J075819.69+421935.1 12.13 3.4 1.81 II Yes
F07561+2441 0.227 J075904.49+243307.7 12.08 2.5 II No
F07578+5148 0.196 J080142.16+514023.4 12.07 n No
F07592+3736 0.238 J080234.13+372801.3 12.14 3.36 III Yes 1.78±0.07 6.91±0.07 12.22±0.12 9.84±0.10 6.89±0.10 1.53±0.06 Seyfert
F08028+3310 0.246 J080601.71+330157.6 12.22 1.93 n No 0.85±0.04 2.61±0.05 7.87±0.10 4.78±0.08 2.12±0.09 0.47±0.06 Ambiguity
F08030+5243 0.083 J080650.80+523507.3 12.08 15.3 15.36 n Yes 1.91±0.05 1.60±0.06 24.10±0.17 12.03±0.11 7.73±0.11 1.10±0.05 Composite
F08031+1729 0.209 J080559.47+172119.8 12.42 I No
F08050+3909 0.368 J080824.75+390016.2 12.80 n No
F08072+1622 0.186 J081005.28+161345.7 12.15 2.14 n Yes 1.83±0.04 6.08±0.06 12.18±0.11 7.90±0.08 3.39±0.08 0.37±0.04 Ambiguity
F08079+2822 0.350 J081107.06+281316.1 12.47 n Yes
F08091+3449 0.256 J081227.65+344100.9 12.39 2.98 n Yes 0.39±0.13 6.73±0.16 3.82±0.08 4.97±0.10 2.48±0.10 0.57±0.06 Seyfert
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Table 1—Continued
IRAS Name zsdss SDSS Name log(
LIR
L⊙
) SNVSS1.4GHz S
FIRST
1.4GHz Note NED fHβ fOIII5007 fHα fNII6583 fSII fOI6300 Note
(mJy) (mJy)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15)
F08162+2716 0.261 J081916.24+270729.7 12.52 6.7 n Yes 0.13±0.03 1.77±0.03 0.92±0.06 0.58±0.07 0.45±0.06 Seyfert
F08180+5612 0.159 J082203.51+560301.2 12.08 12.1 12.31 I No 1.10±0.60 8.46±0.27 9.10±0.13 7.71±0.09 5.49±0.07 1.55±0.05 Seyfert
F08197+4519 0.264 J082317.24+451009.1 12.43 1.15 I Yes 0.19±0.02 0.26±0.02 2.38±0.05 1.41±0.03 0.95±0.05 0.19±0.03 Composite
F08201+2801 0.168 J082312.61+275139.8 12.30 16.3 4.74 I Yes 1.01±0.04 1.01±0.04 7.83±0.07 3.82±0.05 3.08±0.06 0.52±0.04 Composite
F08209+2458 0.234 J082355.36+244830.4 12.19 0.94 n Yes
F08219+1549 0.220 J082445.63+153944.1 12.15 5.3 3.11 I Yes 0.27±0.10 1.76±0.06 3.21±0.08 4.43±0.09 1.52±0.08 0.27±0.04 Seyfert
F08220+3842 0.206 J082521.65+383258.6 12.09 3.4 2.36 II Yes
F08238+0752 0.311 J082633.51+074248.4 12.41 n Yes
F08252+4632 0.281 J082848.16+462229.2 12.35 2.2 1.29 n Yes 0.21±0.04 0.34±0.02 1.77±0.05 1.47±0.06 0.62±0.06 0.20±0.03 Ambiguity
F08266+3855 0.196 J082951.21+384522.0 12.09 2.8 2.53 III Yes
F08274+1930 0.186 J083019.75+192050.0 12.11 I No 3.32±0.04 2.99±0.04 14.85±0.09 5.58±0.05 3.69±0.07 0.37±0.03 Starburst
F08297+4728 0.299 J083312.44+471817.8 12.38 1.70 I Yes 0.44±0.02 1.12±0.03 3.18±0.05 2.39±0.06 1.58±0.07 0.29±0.04 Seyfert
F08313+4855 0.175 J083457.66+484515.6 12.21 8.2 7.88 I No
F08322+3609 0.201 J083527.48+355932.6 12.03 0.85 I Yes 0.35±0.04 0.57±0.03 2.98±0.06 1.96±0.06 0.82±0.05 0.21±0.04 Composite
F08344+5105 0.097 J083803.61+505508.8 12.05 8.3 7.53 I Yes 0.78±0.05 0.84±0.04 8.75±0.08 4.71±0.06 3.49±0.08 0.61±0.04 Composite
F08382+3707 0.228 J084127.71+365616.7 12.00 1.35 n Yes
F08407+2630 0.257 J084349.75+261910.8 12.10 n Yes
F08435+3141 0.386 J084634.31+313058.2 12.46 n No
F08438+3150 0.387 J084657.52+313916.2 12.62 7.1 5.12 n Yes
F08449+2332 0.152 J084750.18+232108.7 12.09 5.8 3.24 III Yes 0.63±0.06 0.74±0.07 3.66±0.07 1.86±0.06 1.49±0.07 0.23±0.06 Composite
F08451+3651 0.170 J084821.35+364039.7 12.01 5.0 4.93 II Yes
F08499+0145 0.195 J085233.93+013422.9 12.07 II Yes 1.65±0.04 2.20±0.04 7.44±0.06 2.00±0.05 2.08±0.06 0.25±0.03 Starburst
F08504+0705 0.483 J085304.26+065403.0 12.95 0.94 n Yes
F08504+2538 0.256 J085325.07+252656.0 12.38 14.5 10.46 n No
F08507+3636 0.261 J085356.80+362456.0 12.22 33.8 16.16 II Yes 0.51±0.20 4.46±0.31 5.40±0.11 7.49±0.13 4.10±0.09 0.80±0.06 Seyfert
F08526+3720 0.357 J085554.47+370900.5 12.50 0.90 I Yes 0.73±0.59 7.40±0.36 3.94±0.12 2.48±0.10 0.96±0.10 0.42±0.06 Seyfert
F08542+1920 0.331 J085706.35+190853.5 12.46 4.4 4.43 n Yes
F08572+3915 0.058 J090025.37+390353.7 12.04 4.3 4.89 II Yes 1.18±0.04 1.65±0.05 10.96±0.10 4.51±0.06 4.67±0.06 0.69±0.03 Composite
F08591+5248 0.157 J090248.90+523624.6 12.21 7.7 5.96 n Yes 1.52±0.22 0.77±0.07 9.26±0.11 7.34±0.09 3.71±0.08 0.76±0.05 Composite
F09005+0223 0.329 J090307.84+021152.2 12.56 24.2 22.50 n Yes
F09005+2253 0.290 J090325.62+224147.5 12.24 0.84 n Yes
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Table 1—Continued
IRAS Name zsdss SDSS Name log(
LIR
L⊙
) SNVSS1.4GHz S
FIRST
1.4GHz Note NED fHβ fOIII5007 fHα fNII6583 fSII fOI6300 Note
(mJy) (mJy)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15)
F09008+3643 0.288 J090359.91+363054.7 12.55 2.05 n Yes
F09025+1253 0.196 J090517.05+124151.9 12.17 4.2 II No
F09029+2430 0.232 J090554.71+241828.8 12.15 3.9 3.48 II No 0.07±0.03 0.78±0.05 2.35±0.08 3.62±0.09 2.15±0.10 0.52±0.06 Seyfert
F09036+2706 0.341 J090633.96+265419.6 12.39 1.44 n No 0.95±0.05 3.72±0.04 5.39±0.10 1.82±0.15 0.97±0.09 0.23±0.03 Ambiguity
F09039+0503 0.125 J090634.04+045127.6 12.14 6.2 4.92 I Yes 1.63±0.06 1.42±0.06 11.71±0.11 10.50±0.10 6.72±0.08 1.43±0.05 Composite
F09045+3943 0.224 J090742.25+393149.8 12.02 1.24 I Yes 0.82±0.04 1.15±0.03 4.17±0.06 1.56±0.05 1.60±0.06 0.28±0.04 Composite
F09083+0311 0.504 J091050.01+025939.6 13.00 6.1 4.26 n Yes
F09097+5342 0.254 J091319.02+532958.5 12.07 0.87 III No 0.32±0.04 1.20±0.05 3.48±0.09 3.87±0.08 1.96±0.08 0.34±0.04 Seyfert
F09105+4108 0.442 J091345.49+405628.2 12.87 15.9 8.27 I Yes
F09116+0334 0.145 J091413.79+032201.3 12.18 10.5 9.41 I Yes 1.48±0.45 0.72±0.08 12.11±0.14 11.67±0.13 4.44±0.12 0.71±0.07 Composite
F09119+0945 0.246 J091438.14+093322.9 12.31 1.18 II Yes 0.48±0.03 0.40±0.03 3.47±0.05 3.19±0.05 1.02±0.06 0.24±0.06 Composite
F09186+4521 0.235 J092159.39+450912.4 12.04 n No 1.97±0.06 1.91±0.06 10.89±0.11 5.56±0.08 2.99±0.09 0.62±0.05 Composite
F09198+0323 0.174 J092226.71+031048.2 12.05 2.2 II Yes
F09217+5348 0.195 J092518.47+533525.0 12.04 1.20 I No 0.24±0.11 0.18±0.03 1.18±0.04 1.39±0.05 0.93±0.05 0.22±0.03 LINERs
F09220+2759 0.531 J092501.79+274608.0 12.92 26.3 26.74 n No
F09240+4804 0.237 J092723.13+475147.3 12.07 II No 1.12±0.03 0.54±0.03 6.48±0.06 2.94±0.05 1.56±0.06 Starburst
F09246+0115 0.169 J092710.88+010232.2 12.07 2.66 I Yes 1.32±0.05 0.61±0.05 10.75±0.08 5.00±0.05 3.28±0.08 0.46±0.04 Starburst
F09258+1735 0.252 J092838.64+172220.4 12.16 5.6 5.76 n No
F09306+5431 0.232 J093402.47+541751.5 12.17 III Yes
F09320+6134 0.039 J093551.61+612111.4 12.02 170.1 146.74 I Yes 1.29±0.07 2.56±0.07 22.31±0.17 29.70±0.18 9.19±0.12 1.60±0.07 Ambiguity
F09322+0432 0.198 J093451.87+041848.2 12.13 3.0 1.41 II Yes
F09323+6222 0.225 J093613.72+620905.4 12.06 I No
F09395+3939 0.194 J094239.17+392559.7 12.14 3.5 3.53 II Yes 0.45±0.05 0.57±0.06 6.24±0.08 3.62±0.09 1.96±0.09 0.37±0.05 Composite
F09398+0013 0.146 J094224.28−000005.0 12.06 5.5 4.87 I Yes 0.83±0.04 1.67±0.05 10.26±0.08 5.52±0.06 4.48±0.07 0.79±0.04 Composite
F09437+1720 0.243 J094635.73+170558.4 12.02 1.97 n No 2.30±0.04 1.49±0.04 11.55±0.11 5.62±0.07 3.81±0.10 0.75±0.05 Composite
F09438+4735 0.539 J094704.52+472143.0 13.01 3.1 2.84 n Yes
F09444+1019 0.202 J094706.99+100611.6 12.01 1.97 I No 1.59±0.06 1.47±0.05 9.29±0.10 3.77±0.08 3.10±0.07 0.58±0.04 Composite Starburst
F09469+6234 0.213 J095047.39+622021.3 12.00 n No
F09501+5535 0.324 J095331.87+552102.2 12.54 2.5 1.07 n Yes
F09555+5109 0.215 J095846.85+505456.5 12.18 II No 0.47±0.11 1.39±0.04 3.50±0.08 1.95±0.07 1.25±0.06 0.16±0.04 Seyfert
F09583+4714 0.086 J100131.21+465946.8 12.02 24.95 II Yes 3.05±0.64 11.21±0.52 62.91±0.21 25.23±0.96 13.98±0.11 5.09±0.07 Composite
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Table 1—Continued
IRAS Name zsdss SDSS Name log(
LIR
L⊙
) SNVSS1.4GHz S
FIRST
1.4GHz Note NED fHβ fOIII5007 fHα fNII6583 fSII fOI6300 Note
(mJy) (mJy)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15)
F09591+2045 0.357 J100153.66+203141.1 12.50 1.35 I No
F10015−0018 0.289 J100404.99−003253.4 12.52 4.0 2.55 I Yes
F10017+4011 0.312 J100445.17+395732.3 12.27 1.61 n Yes
F10022+5233 0.226 J100539.16+521842.7 12.05 n No
F10026+3107 0.235 J100532.13+305318.2 12.03 2.5 3.62 n Yes
F10026+4347 0.179 J100541.86+433240.3 12.08 2.81 n Yes
F10026−0022 0.407 J100513.11−003721.4 12.66 n No
F10030+4126 0.328 J100603.85+411224.8 12.49 2.21 n Yes 0.86±0.03 1.57±0.04 5.23±0.10 1.60±0.08 1.94±0.18 Starburst
F10035+2740 0.166 J100626.33+272546.4 12.30 5.8 5.44 I Yes 0.32±0.04 0.66±0.05 2.72±0.06 2.91±0.05 2.46±0.06 0.52±0.04 LINERs
F10035+4852 0.065 J100645.86+483743.8 12.03 28.1 8.59 II Yes 1.00±0.05 0.41±0.04 7.81±0.08 3.97±0.06 3.04±0.06 0.35±0.03 Composite
F10037+1112 0.274 J100624.37+105748.4 12.15 1.15 n Yes 1.58±0.04 4.06±0.05 8.05±0.09 2.22±0.06 2.27±0.08 0.37±0.04 Composite
F10040+0932 0.171 J100643.50+091727.5 12.22 3.0 2.58 n Yes 1.16±0.07 0.86±0.05 7.28±0.07 3.87±0.07 2.37±0.07 0.35±0.04 Composite
F10052+2959 0.257 J100809.48+294425.9 12.11 2.6 1.66 n Yes 0.22±0.10 0.49±0.06 2.51±0.08 3.05±0.10 0.87±0.10 Ambiguity
F10059+3605 0.161 J100852.90+355103.0 12.03 n No
F10105+6118 0.213 J101358.92+610431.9 12.01 0.85 I No 1.17±0.07 1.49±0.04 5.64±0.08 2.41±0.06 1.85±0.06 0.33±0.04 Composite
F10106+2227 0.274 J101325.42+221229.4 12.15 1.08 n No
F10107+4708 0.206 J101348.08+465359.5 12.34 2.15 I No
F10124+2742 0.210 J101515.35+272717.1 12.24 5.6 5.36 n No 1.68±0.07 4.24±0.07 12.70±0.11 9.16±0.09 5.13±0.07 0.91±0.07 Seyfert
F10190+1322 0.076 J102142.79+130656.1 12.07 16.8 16.41 II Yes
F10194+2427 0.188 J102212.64+241202.4 12.04 3.9 4.08 I No 0.51±0.15 1.17±0.05 4.17±0.08 3.30±0.07 1.55±0.07 0.29±0.04 Ambiguity
F10196+3707 0.267 J102229.18+365209.7 12.20 1.42 III No 1.62±0.04 1.53±0.03 9.02±0.09 4.11±0.09 2.70±0.07 0.42±0.04 Composite
F10211+2436 0.209 J102359.20+242106.3 12.06 I No 6.07±0.06 16.62±0.09 23.63±0.16 4.92±0.07 4.41±0.06 0.67±0.04 Starburst
F10212+2506 0.196 J102403.67+245139.3 12.11 2.6 1.87 I Yes
F10234+3052 0.340 J102617.48+303643.1 12.47 3.4 1.82 n Yes
F10253+0854 0.417 J102755.84+083913.3 12.65 II Yes
F10341+1312 0.174 J103650.91+125714.7 12.06 4.9 3.16 n Yes
F10345+3809 0.203 J103728.97+375407.6 12.05 I No 2.41±0.06 4.22±0.05 11.76±0.11 2.30±0.07 3.79±0.07 0.52±0.04 Starburst
F10360+1428 0.375 J103840.87+141307.5 12.51 II Yes
F10369+4913 0.175 J104000.53+485744.5 12.06 7.5 7.25 I Yes 3.01±0.06 2.07±0.07 15.34±0.13 7.65±0.08 5.14±0.09 0.84±0.05 Composite
F10372+4801 0.486 J104014.42+474554.7 12.81 4.1 4.28 n Yes
F10378+1108 0.136 J104029.17+105318.3 12.34 8.4 8.55 I Yes 1.30±0.28 2.75±0.35 13.63±0.13 15.42±0.13 8.66±0.12 2.08±0.06 LINERs
–
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F10418+1153 0.230 J104429.27+113811.3 12.06 190.4 26.69 I Yes 0.23±0.06 3.65±0.06 2.16±0.06 3.02±0.07 0.97±0.07 0.42±0.06 Seyfert
F10445+4205 0.199 J104726.60+414956.7 12.14 1.00 II Yes 1.16±0.05 1.15±0.04 7.82±0.08 3.30±0.05 2.64±0.06 0.36±0.03 Composite
F10494+4424 0.092 J105223.52+440847.6 12.25 21.2 20.74 I Yes 0.42±0.06 0.69±0.05 5.95±0.07 4.67±0.06 3.00±0.07 0.68±0.04 Composite
F10507+3329 0.243 J105330.94+331342.3 12.05 2.69 I Yes 0.35±0.05 0.67±0.04 2.84±0.06 2.90±0.06 0.85±0.07 0.17±0.04 Ambiguity
F10522+0003 0.220 J105447.31−001227.7 12.24 2.9 1.82 II Yes
F10531+5531 0.256 J105609.81+551604.2 12.01 I No
F10538+3309 0.457 J105633.12+325337.7 12.62 n No
F10544+6123 0.257 J105736.77+610737.2 12.08 I No 0.75±0.04 0.26±0.02 3.15±0.04 1.40±0.04 0.87±0.05 0.15±0.05 Starburst
F10558+3845 0.208 J105839.30+382906.6 12.23 2.25 I Yes 0.40±0.09 0.26±0.03 2.58±0.06 1.63±0.06 0.89±0.06 0.15±0.05 Composite
F10594+3818 0.158 J110214.00+380234.6 12.31 9.7 9.61 I Yes 3.40±0.08 2.30±0.08 21.37±0.20 11.73±0.13 7.03±0.10 0.92±0.05 Composite
F11028+3130 0.199 J110537.54+311432.2 12.43 2.27 I Yes
F11028+3442 0.509 J110539.82+342534.6 12.86 n Yes
F11057+4053 0.165 J110832.95+403731.7 12.08 4.7 3.90 I Yes 0.28±0.08 0.51±0.07 3.79±0.09 4.87±0.08 1.78±0.08 0.49±0.06 Ambiguity
F11062+0715 0.181 J110851.03+065901.4 12.01 11.1 9.84 I No 4.90±0.09 30.54±0.40 38.80±0.29 10.31±0.36 13.71±0.13 3.31±0.14 Seyfert
F11066+4242 0.232 J110926.71+422558.1 12.11 2.4 1.73 I No
F11070+4249 0.261 J110952.83+423315.7 12.34 15.4 16.96 n Yes
F11087+5351 0.143 J111136.37+533459.4 12.03 31.9 30.97 I Yes 0.75±0.04 3.07±0.07 6.96±0.09 7.00±0.08 4.85±0.06 1.18±0.04 Seyfert
F11095+2749 0.235 J111211.07+273256.2 12.15 3.5 2.56 I Yes 5.78±0.06 12.78±0.11 27.29±0.21 6.54±0.08 7.05±0.11 1.14±0.05 Starburst
F11134+0225 0.211 J111603.13+020852.2 12.01 0.57 n Yes
F11162+6020 0.264 J111907.01+600430.8 12.55 44.5 56.22 I Yes
F11163+3207 0.261 J111902.27+315122.6 12.22 36.1 34.38 n Yes
F11188+1138 0.185 J112129.00+112225.7 12.35 7.1 6.53 I Yes 1.43±0.09 5.73±0.07 12.56±0.11 11.47±0.11 4.13±0.09 0.88±0.05 Seyfert
F11206+3639 0.242 J112319.19+362331.1 12.42 22.5 13.54 I No
F11213+6556 0.264 J112424.60+653945.8 12.28 I Yes
F11215+1058 0.199 J112409.72+104201.8 12.08 1.38 III No 0.43±0.05 0.84±0.06 4.61±0.08 4.56±0.08 1.90±0.08 0.33±0.05 Ambiguity
F11215+3853 0.295 J112414.54+383650.9 12.31 1.94 n Yes
F11307+0449 0.248 J113320.91+043255.2 12.12 3.4 5.02 n No
F11327+4137 0.183 J113524.86+412119.8 12.00 n No
F11364+1307 0.235 J113901.98+125117.7 12.18 I Yes
F11370+4647 0.173 J113939.35+463132.1 12.06 4.4 4.95 I No
F11387+4116 0.149 J114122.03+405950.3 12.15 6.5 5.39 n Yes 0.59±0.14 0.32±0.05 5.49±0.08 5.12±0.08 2.12±0.08 0.36±0.06 Composite
–
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F11394+0108 0.245 J114203.41+005135.9 12.22 19.2 17.68 I Yes
F11417+1151 0.271 J114420.31+113500.8 12.33 2.62 n No
F11506+1331 0.127 J115314.23+131427.9 12.39 13.5 13.16 I Yes 0.86±0.04 1.55±0.05 10.23±0.09 4.37±0.06 4.23±0.07 0.97±0.04 Composite
F11514+1212 0.365 J115402.70+115528.4 12.62 n Yes
F11518+2746 0.267 J115420.94+273001.6 12.17 III No
F11553−0259 0.215 J115753.20−031537.1 12.06 3.3 2.58 n Yes
F11557+1342 0.439 J115816.72+132624.2 12.66 2.47 n No
F11595+1144 0.194 J120205.59+112812.2 12.34 8.7 5.77 n Yes 3.01±0.08 3.46±0.07 19.10±0.15 8.37±0.11 5.96±0.10 0.87±0.06 Composite
F12043+5215 0.398 J120652.44+515918.7 12.51 1.32 n Yes
F12047+0233 0.221 J120721.45+021657.7 12.13 1.74 n Yes 0.98±0.05 0.84±0.03 7.00±0.07 4.31±0.05 1.96±0.05 0.29±0.03 Composite
F12112+0305 0.073 J121346.07+024841.5 12.38 23.3 24.64 II Yes 1.31±0.04 3.24±0.05 13.74±0.09 6.92±0.06 6.82±0.06 1.55±0.04 Composite
F12126+0943 0.263 J121509.84+092709.5 12.09 I Yes 0.22±0.36 0.41±0.04 1.27±0.12 1.81±0.08 1.55±0.10 0.35±0.07 LINERs
F12136+3919 0.334 J121608.15+390245.7 12.70 2.7 n No
F12232+5532 0.232 J122538.31+551548.9 12.36 3.6 4.96 n Yes 0.50±0.08 0.71±0.05 3.56±0.08 1.86±0.07 1.94±0.12 Composite
F12288+2811 0.212 J123121.37+275524.0 12.08 2.4 1.30 I No
F12297+5222 0.391 J123205.48+520613.4 12.61 3.8 4.12 n Yes
F12375+3721 0.238 J123959.05+370505.1 12.11 7.9 6.13 III No
F12433+6540 0.320 J124526.98+652358.3 12.36 n Yes
F12442+4550 0.196 J124633.52+453421.7 12.28 2.77 III Yes
F12447+3721 0.158 J124707.75+370536.7 12.14 2.7 2.17 I Yes 6.99±0.08 17.45±0.13 29.96±0.22 5.85±0.08 7.83±0.08 1.28±0.04 Ambiguity
F12465+4458 0.228 J124854.99+444213.8 12.09 II No 0.99±0.05 9.53±0.09 4.67±0.08 2.76±0.06 1.88±0.07 0.38±0.04 Seyfert
F12469+4359 0.302 J124916.55+434254.6 12.36 1.81 n Yes 0.63±0.04 0.58±0.04 5.30±0.10 2.98±0.08 2.29±0.14 0.49±0.07 Composite
F12471+4759 0.304 J124927.86+474249.7 12.55 3.2 2.53 n Yes
F12482+3135 0.264 J125037.03+311853.0 12.14 n No
F12487+0235 0.253 J125120.04+021902.4 12.37 2.22 I Yes 0.27±0.04 0.34±0.04 3.57±0.07 3.39±0.07 1.72±0.10 0.23±0.06 Ambiguity
F12489+6619 0.282 J125100.45+660326.8 12.17 n Yes
F12494+3227 0.326 J125154.92+321110.5 12.41 2.7 1.16 I Yes
F12532−0322 0.169 J125547.83−033909.6 12.06 3.4 3.74 I Yes 1.62±0.06 7.83±0.09 11.55±0.09 7.95±0.07 4.88±0.08 0.96±0.05 Seyfert
F12535+0254 0.219 J125604.92+023831.9 12.26 n Yes
F12563+3640 0.362 J125839.02+362449.8 12.51 n No
F13005+6343 0.335 J130236.96+632656.2 12.37 I Yes
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F13096+4507 0.232 J131201.62+445109.9 12.20 n No
F13161+0927 0.282 J131842.18+091112.9 12.22 0.99 I No 0.89±0.06 2.82±0.05 7.34±0.09 6.99±0.10 2.57±0.10 0.59±0.05 Seyfert
F13163+5237 0.355 J131827.08+522049.8 12.66 n No
F13190+4050 0.185 J132117.48+403519.5 12.08 2.5 2.62 n Yes 0.28±0.21 1.48±0.08 3.60±0.09 3.98±0.10 1.39±0.11 0.19±0.06 Seyfert
F13205+3853 0.428 J132248.41+383816.5 12.55 n No
F13209+6353 0.200 J132244.13+633724.9 12.21 6.8 6.72 I Yes 0.60±0.06 4.14±0.28 5.07±0.11 7.58±0.11 3.98±0.08 1.11±0.06 Seyfert
F13210+3932 0.566 J132317.01+391626.5 12.93 n Yes
F13218+0552 0.203 J132419.89+053704.7 12.41 4.9 4.26 I Yes
F13231+6235 0.237 J132456.30+621958.1 12.31 3.9 2.85 I Yes
F13243+6308 0.242 J132608.51+625207.3 12.28 n No 1.05±0.04 1.40±0.04 4.32±0.07 1.23±0.05 1.37±0.09 Starburst
F13342+3932 0.179 J133624.06+391731.0 12.37 6.4 6.94 I Yes
F13403−0038 0.326 J134251.61−005345.3 12.39 n Yes
F13408+4047 0.906 J134252.95+403201.6 13.47 151.6 136.55 n Yes
F13428+5608 0.037 J134442.16+555313.5 12.16 144.7 132.02 I Yes 8.18±0.33 31.33±1.36 82.06±0.62 87.51±0.56 49.47±0.35 10.57±0.18 Seyfert
F13446+3727 0.215 J134651.82+371231.0 12.05 2.6 2.02 I Yes 2.87±0.06 9.71±0.08 15.36±0.13 10.92±0.11 4.54±0.08 0.70±0.05 Seyfert
F13451+1232 0.121 J134733.36+121724.3 12.19 4859.88 II Yes
F13457+5702 0.209 J134732.49+564736.7 12.00 1.60 II No
F13469+5833 0.158 J134840.07+581851.9 12.29 3.1 3.02 I Yes 0.43±0.06 0.31±0.05 3.45±0.09 2.79±0.07 1.47±0.08 0.19±0.03 Composite
F13479+3008 0.229 J135014.63+295318.1 12.18 n No 3.29±0.05 3.07±0.05 13.62±0.12 3.75±0.05 3.33±0.07 0.35±0.03 Starburst
F13485+3739 0.248 J135043.17+372434.0 12.27 2.7 1.84 I Yes 0.40±0.06 0.38±0.04 4.20±0.10 3.97±0.08 1.41±0.11 0.33±0.05 Composite
F13515+0317 0.278 J135404.79+030242.6 12.22 2.53 I Yes 0.43±0.03 3.40±0.56 4.63±0.09 4.13±0.09 1.70±0.08 0.48±0.06 Seyfert
F13536−0108 0.199 J135612.65−012340.5 12.02 0.81 I No 0.40±0.04 0.22±0.03 3.12±0.05 1.70±0.04 1.12±0.05 0.21±0.04 Composite
F13539+2920 0.109 J135609.99+290535.1 12.11 11.6 10.70 I Yes 1.29±0.05 1.44±0.05 14.26±0.11 8.73±0.08 6.84±0.08 1.43±0.05 Composite
F13573+5429 0.253 J135908.54+541528.3 12.10 2.09 n No
F14014+3718 0.211 J140337.76+370355.5 12.10 2.4 1.96 III Yes 2.69±0.06 2.70±0.04 14.58±0.13 5.70±0.08 3.55±0.07 0.40±0.05 Starburst
F14026+4341 0.323 J140438.80+432707.4 12.71 1.46 I Yes
F14041+0117 0.236 J140638.21+010254.6 12.48 14.6 9.19 n Yes 1.02±0.03 2.73±0.12 49.51±0.07 1.68±0.10 2.21±0.07 0.99±0.07 Composite
F14060+2919 0.117 J140819.03+290447.0 12.13 9.3 7.86 I Yes 6.38±0.09 5.03±0.09 45.34±0.32 20.29±0.17 13.78±0.13 1.82±0.06 Composite
F14060−0304 0.353 J140837.68−031900.8 12.52 2.14 n Yes
F14082+0205 0.201 J141049.55+015135.0 12.07 2.09 I Yes
F14088+0212 0.202 J141122.59+015815.1 12.05 1.02 I Yes
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F14146+2353 0.282 J141655.53+234018.2 12.14 1.28 n No
F14166+6514 0.364 J141753.69+650025.2 12.71 III Yes
F14167+4247 0.421 J141842.22+423343.3 12.70 1.25 n Yes
F14170+4545 0.150 J141858.85+453212.7 12.03 4.9 5.86 I Yes
F14202+2615 0.159 J142231.37+260205.1 12.36 9.8 8.31 II Yes 5.28±0.07 4.72±0.07 29.29±0.24 13.13±0.13 8.74±0.10 0.98±0.05 Composite
F14204+4533 0.167 J142221.85+452011.9 12.01 7.4 7.87 n Yes 4.68±0.63 4.77±0.26 28.24±0.22 12.61±0.12 8.21±0.12 1.20±0.06 Composite
F14248−0045 0.162 J142727.28−005841.1 12.18 5.4 3.51 III Yes 0.77±0.04 0.60±0.05 9.73±0.11 5.56±0.08 3.31±0.08 0.58±0.06 Composite
F14298+5259 0.363 J143130.12+524532.8 12.43 n Yes
F14302+1243 0.332 J143245.00+122951.3 12.46 n No
F14312+2825 0.174 J143327.52+281159.8 12.22 6.0 5.63 I Yes 0.60±0.08 5.07±0.09 8.20±0.09 7.47±0.08 2.68±0.07 0.53±0.04 Seyfert
F14315+2955 0.527 J143344.53+294248.0 12.82 n No
F14318−0252 0.187 J143425.31−030614.4 12.10 n No 3.68±0.06 9.41±0.07 14.21±0.10 2.44±0.05 3.89±0.07 0.55±0.04 Starburst
F14330+0141 0.232 J143535.54+012834.8 12.16 14.6 15.08 I Yes 0.16±0.03 1.54±0.05 1.82±0.05 1.83±0.05 0.93±0.09 Seyfert
F14336−0147 0.150 J143610.59−020055.6 12.02 I No 1.04±0.15 1.61±0.33 4.17±0.06 1.24±0.05 0.44±0.04 Starburst
F14351+3553 0.362 J143715.26+354006.7 12.42 n Yes
F14374+0120 0.456 J144001.25+010743.2 12.80 n Yes
F14379+5420 0.268 J143930.59+540807.4 12.22 3.6 1.93 I Yes 0.91±0.04 0.98±0.03 5.66±0.07 2.07±0.09 1.82±0.06 0.32±0.05 Starburst
F14390+6209 0.275 J144012.76+615633.2 12.31 3.4 2.88 Yes
F14394+5332 0.105 J144104.38+532008.7 12.08 42.2 39.55 II Yes
F14402+0108 0.243 J144247.57+005532.0 12.08 n No
F14413+3730 0.259 J144319.55+371800.9 12.20 1.76 I Yes
F14483+0059 0.334 J145054.38+004646.8 12.37 1.29 I No
F14488+3521 0.206 J145054.16+350837.8 12.30 6.2 5.26 n Yes 3.65±0.09 5.88±0.09 28.86±0.25 19.19±0.19 7.45±0.13 1.23±0.11 Composite
F14513−0235 0.209 J145355.90−024745.4 12.10 1.17 II Yes 1.06±0.17 0.54±0.04 5.25±0.07 2.28±0.06 1.91±0.06 0.26±0.04 Starburst
F14541+3813 0.283 J145608.63+380038.6 12.01 n No
F14541+4906 0.247 J145549.42+485436.3 12.31 7.0 6.35 I Yes 4.39±0.18 35.01±0.39 14.91±0.14 7.92±0.09 3.80±0.09 0.95±0.06 Seyfert
F14541+5734 0.301 J145531.90+572258.1 12.14 n No 2.83±0.05 5.28±0.06 11.68±0.12 3.32±0.07 2.56±0.10 0.46±0.05 Starburst
F14560+0845 0.307 J145829.97+083400.3 12.36 2.28 I No
F15002+4945 0.337 J150150.52+493338.4 12.52 3.1 3.09 n Yes 1.16±0.04 1.46±0.04 6.78±0.15 3.76±0.10 1.98±0.13 0.48±0.08 Composite
F15004+0351 0.218 J150259.01+034003.9 12.13 2.10 n Yes 1.22±0.05 0.47±0.03 8.26±0.11 5.47±0.08 3.01±0.08 0.39±0.04 Composite
F15023+5404 0.280 J150351.02+535243.7 12.11 I No 0.61±0.06 0.18±0.03 3.58±0.10 1.46±0.09 1.05±0.09 0.00±0.00 Starburst
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F15034+4444 0.465 J150517.72+443244.0 12.56 2.30 n No
F15043+5754 0.151 J150539.56+574307.3 12.16 2.4 2.64 I Yes 1.29±0.13 1.11±0.18 8.87±0.09 3.62±0.06 3.00±0.07 0.32±0.05 Starburst
F15070+4100 0.307 J150858.61+404917.1 12.24 I Yes
F15097−0133 0.207 J151218.48−014430.2 12.10 3.3 3.00 n No 1.51±0.10 1.45±0.04 7.94±0.10 3.64±0.06 2.89±0.06 0.39±0.08 Composite
F15111+2458 0.220 J151318.04+244655.3 12.19 3.19 I No 1.39±0.70 5.64±0.36 8.26±0.11 7.51±0.10 4.30±0.08 0.89±0.05 Seyfert
F15177+5909 0.296 J151859.47+585828.7 12.28 n No
F15206+3342 0.125 J152238.10+333135.8 12.18 10.7 9.96 n Yes 27.69±0.94 80.74±1.13 149.06±0.95 34.49±0.71 23.51±0.18 4.88±0.29 Composite
F15206+3631 0.152 J152234.86+362058.6 12.04 4.8 4.82 II Yes 0.48±0.11 1.62±0.08 6.39±0.10 10.20±0.11 3.99±0.08 1.14±0.06 Ambiguity
F15222+2405 0.318 J152424.49+235524.0 12.31 n No
F15225+2350 0.138 J152443.88+234010.2 12.15 6.6 5.53 I Yes 0.84±0.03 1.73±0.15 8.53±0.08 4.56±0.05 2.95±0.06 0.40±0.03 Composite
F15250+3608 0.055 J152659.44+355837.1 12.01 14.5 13.06 I Yes 4.63±0.18 5.11±0.12 26.45±0.22 12.31±0.15 10.05±0.14 1.99±0.09 Composite
F15261+5502 0.229 J152726.65+545151.2 12.22 1.50 I Yes 0.90±0.04 0.93±0.03 4.35±0.06 1.60±0.04 1.72±0.06 0.29±0.03 Starburst
F15296+3612 0.344 J153135.34+360242.7 12.36 n Yes
F15320+0325 0.206 J153431.02+031527.7 12.05 4.0 2.95 I No
F15330+4439 0.250 J153447.05+442923.4 12.04 II No 0.82±0.06 0.46±0.03 3.97±0.06 1.38±0.05 1.07±0.09 0.29±0.06 Starburst
F15390+3913 0.239 J154049.23+390350.8 12.02 1.61 n Yes 7.61±0.07 21.15±0.15 30.79±0.21 5.98±0.07 5.87±0.09 1.04±0.04 Starburst
F15432+3502 0.516 J154510.96+345247.0 12.81 18.5 15.93 n Yes
F15437+4647 0.228 J154518.05+463838.1 12.04 3.5 3.67 II No
F15439+4855 0.399 J154530.24+484609.1 12.58 3.6 2.11 II Yes
F15458+0041 0.252 J154823.32+003212.1 12.05 1.99 n No 0.35±0.03 5.53±0.30 2.32±0.04 2.89±0.04 1.18±0.07 0.22±0.03 Seyfert
F15478+5014 0.197 J154916.28+500536.4 12.11 3.2 2.44 n Yes 1.45±0.06 0.75±0.04 8.75±0.10 4.56±0.07 2.50±0.07 0.26±0.03 Composite
F15529+4545 0.517 J155433.22+453646.4 12.81 1.32 I Yes
F15531+2513 0.185 J155519.53+250433.4 12.02 II No 0.88±0.06 0.50±0.04 5.52±0.06 3.12±0.06 2.12±0.07 0.26±0.04 Composite
F15577+3816 0.218 J155930.40+380838.7 12.14 3.1 2.41 I Yes 2.11±0.06 25.12±0.62 9.12±0.10 4.93±0.08 2.96±0.08 0.70±0.04 Seyfert
F15583+4002 0.218 J160006.09+395403.0 12.06 2.02 I Yes
F16019+0828 0.228 J160418.83+082037.2 12.21 I No 3.00±0.03 4.29±0.04 13.69±0.08 3.82±0.04 3.52±0.05 0.43±0.02 Starburst
F16031+4222 0.223 J160446.69+421415.3 12.11 1.75 n No
F16075+2838 0.170 J160933.41+283058.4 12.16 4.3 4.80 II Yes
F16078+2645 0.190 J160958.54+263739.6 12.16 n No
F16098+2624 0.184 J161153.76+261646.2 12.08 1.67 I No
F16109+2318 0.373 J161307.19+231101.7 12.68 n No
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Table 1—Continued
IRAS Name zsdss SDSS Name log(
LIR
L⊙
) SNVSS1.4GHz S
FIRST
1.4GHz Note NED fHβ fOIII5007 fHα fNII6583 fSII fOI6300 Note
(mJy) (mJy)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15)
F16116+0638 0.241 J161407.70+063114.1 12.14 1.32 I No
F16117+4904 0.241 J161315.95+485721.9 12.04 4.8 4.32 n No
F16122+1531 0.308 J161431.72+152421.9 12.42 24.2 20.27 n No
F16126+1953 0.252 J161448.24+194609.8 12.27 2.93 I No
F16133+2107 0.091 J161534.13+210019.7 12.00 9.4 11.24 I Yes 0.61±0.08 0.99±0.06 6.63±0.08 6.20±0.08 4.85±0.09 1.14±0.06 LINERs
F16148+2104 0.415 J161657.59+205746.6 12.85 II No
F16172+4432 0.335 J161849.25+442517.3 12.41 3.0 3.09 I No
F16264+3157 0.361 J162824.02+315028.3 12.37 1.51 n Yes 0.06±0.02 1.57±0.03 1.15±0.14 1.30±0.13 1.02±0.12 0.14±0.04 Seyfert
F16300+1558 0.242 J163221.37+155145.5 12.77 7.5 5.93 I Yes 0.25±0.03 0.73±0.04 3.85±0.07 2.25±0.06 1.97±0.10 0.44±0.05 Seyfert
F16301+4617 0.329 J163134.12+461050.6 12.29 1.04 I Yes 1.10±0.06 0.84±0.03 5.53±0.09 2.44±0.08 1.51±0.10 0.15±0.04 Composite
F16403+2537 0.160 J164223.46+253147.6 12.03 4.40 n No 3.36±0.08 2.05±0.08 25.16±0.25 14.10±0.16 8.72±0.14 1.09±0.08 Composite
F16413+3954 0.594 J164258.81+394837.0 13.39 7098.6 6598.61 n Yes
F16474+3430 0.113 J164914.09+342513.2 12.22 11.1 II Yes 1.54±0.05 1.00±0.05 7.71±0.09 3.14±0.05 2.52±0.06 0.26±0.03 Starburst
F16533+6216 0.106 J165352.11+621149.7 12.02 16.5 14.43 n Yes 5.90±0.09 3.13±0.07 36.78±0.24 20.22±0.16 12.02±0.11 1.67±0.06 Composite
F17051+3824 0.168 J170653.27+382007.0 12.23 4.4 4.30 I Yes 0.24±0.07 0.71±0.07 2.23±0.06 3.22±0.06 2.25±0.09 0.50±0.06 LINERs
F17081+3300 0.279 J171000.75+325658.0 12.20 n Yes 0.87±0.03 3.29±0.05 6.42±0.08 4.89±0.07 1.74±0.07 0.39±0.04 Seyfert
F17175+6603 0.292 J171737.96+655939.3 12.25 n Yes
F17214+2845 0.241 J172322.64+284249.6 12.32 n No 0.91±0.03 0.43±0.02 4.99±0.06 1.80±0.04 1.54±0.06 0.21±0.04 Starburst
F17234+6228 0.240 J172351.74+622519.6 12.14 5.7 1.93 n Yes
F20522−0120 0.173 J205450.55−010831.3 12.22 I No 4.41±0.06 6.20±0.07 17.96±0.12 5.71±0.06 4.68±0.07 0.60±0.03 Starburst
F21045+1058 0.166 J210654.94+111007.8 12.09 I No 0.14±0.03 0.35±0.04 2.52±0.05 1.97±0.04 1.34±0.07 0.55±0.06 Ambiguity
F21234−0023 0.458 J212559.03−001044.4 13.08 n Yes
F21461+1117 0.151 J214833.44+113147.8 12.02 10.6 I Yes
F22015+0045 0.289 J220405.30+005917.5 12.31 n Yes 3.92±0.05 7.14±0.07 17.32±0.17 5.07±0.09 4.63±0.13 1.07±0.05 Ambiguity
F22098−0748 0.143 J221232.09−073334.0 12.00 4.8 4.63 I Yes 1.67±0.06 0.89±0.06 12.68±0.11 7.21±0.08 3.99±0.08 0.48±0.05 Composite
F22239−0916 0.298 J222634.05−090106.1 12.39 1.72 n Yes 0.20±0.03 0.60±0.05 2.78±0.07 2.24±0.07 0.36±0.07 0.10±0.04 Ambiguity
F22532+1233 0.356 J225545.29+124943.4 12.70 I Yes
F23051−0100 0.362 J230743.26−004404.0 12.55 n No
F23254+1429 0.156 J232800.79+144646.7 12.02 n No
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Note. — Column 1: IRAS name; Column 2: redshift from SDSS; Column 3: SDSS name of the object; Column 4: infrared luminosity; Column 5 and 6: radio
fluxes from NVSS and FIRST, respectively; Column 7: classes (I, II, III) for interaction features, and “n” stands for not clear; Column 8: NED identifications.
“Yes”: the redshift and/or the counterpart provided in the NED is consistent with ours; “No”: the redshift is not listed in the NED; Column 9 to 14: fluxes of Hβ ,
[OIII]5007, Hα, [NII]6583, [SII]6716+6731 , [OI]6300, all in units of 10
−15ergs−1cm−2; Column 15: note for the type of the galaxy according to the BPT diagram.
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Table 2. The parameters of the Type I ULIRG sample.
IRAS Name z f
(5100A˚)
FWHM FWHM FWHM FWHM MBH
Lbol
LEdd
log(LIR
L⊙
) quality
Hβ [OIII] [OIII] NL core [SII]
(km s−1) (km s−1) (km s−1) (km s−1) 107M⊙
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
F01572+0009 0.163 134.88+25.23
−22.09 3141 689 504
+7
−8 592
+26
−26 10.21±2.65 0.35 12.52 1
F02486−0714 0.327 17.42+9.87
−6.92 1799 748 564
+13
−14 430
+28
−28 2.51±1.01 0.89 12.32 1
F07548+4227 0.211 59.55+12.54
−10.81 3691 449 357
+6
−5 412
+12
−12 12.15±3.06 0.23 12.13 1
F07578+5148 0.196 22.71+10.53
−7.81 3201 461 385
+11
−12 405
+32
−32 4.59±1.53 0.20 12.07 1
F08209+2458 0.234 10.35+10.63
−6.00 949 886 886 0.32±0.24 1.93 12.19 2
F08238+0752 0.311 66.30+15.92
−13.47 3547 724 669
+31
−30 20.53±6.66 0.37 12.41 1
F08407+2630 0.257 31.67+10.16
−8.18 3156 509 462
+9
−8 369
+50
−50 7.93±2.25 0.29 12.10 1
F08435+3141 0.386 7.72+9.90
−5.00 2110 2185 2185 2.66±2.14 0.55 12.46 2
F08542+1920 0.331 41.29+11.99
−9.85 4362 2084 2084 25.40±8.08 0.21 12.46 2
F09005+2253 0.290 15.97+8.34
−5.99 7577 413 413
+9
−9 390
+25
−25 35.62±13.16 0.04 12.24 1
F09008+3643 0.288 6.04+13.30
−4.98 2552 1485 1485 2.21±3.01 0.26 12.55 2
F09105+4108 0.442 12.52+7.92
−5.37 1362 659 492
+3
−3 1.81±0.81 1.80 12.87 1
F09220+2759 0.531 5.86+8.91
−4.14 2335 970 641 4.38±4.17 0.54 12.92 2
F09438+4735 0.539 21.67+15.28
−9.99 4804 784 784 42.08±22.50 0.22 13.01 2
F09591+2045 0.357 13.42+9.39
−6.16 5479 701 265 22.48±11.07 0.09 12.50 2
F10015−0018 0.289 13.09+8.81
−5.86 1562 736 265 239
+24
−24 1.34±0.61 0.94 12.52 2
F10026+4347 0.179 80.56+22.74
−18.73 2627 1772 1772 5.92±1.62 0.45 12.08 2
F10106+2227 0.274 27.74+9.80
−7.73 3752 1048 1048
+69
−70 277
+32
−33 11.30±3.39 0.21 12.15 1
F10234+3052 0.340 29.43+12.75
−9.63 2980 665 517
+19
−19 448
+87
−87 10.02±3.60 0.41 12.47 1
F10372+4801 0.486 9.39+9.44
−5.37 1109 641 559
+6
−5 1.16±0.84 2.65 12.81 1
F10531+5531 0.256 17.81+11.56
−7.77 3671 557 557
+35
−35 304
+55
−56 7.51±3.27 0.17 12.01 1
F10538+3309 0.457 5.43+9.49
−4.08 2841 461 461 4.97±5.44 0.31 12.62 2
F11028+3442 0.509 99.27+23.88
−20.19 4347 2311 2311 80.14±36.16 0.45 12.86 2
F11066+4242 0.232 16.16+11.20
−7.37 6845 527 527
+19
−19 21.47±9.91 0.04 12.11 1
F11070+4249 0.261 14.34+10.39
−6.73 1230 904 725
+13
−14 534
+17
−18 0.76±0.36 1.44 12.34 1
F11134+0225 0.211 61.01+15.93
−13.28 3398 790 467
+33
−32 10.45±2.82 0.28 12.01 1
F11162+6020 0.264 18.40+12.65
−8.35 1535 1156 779 1.40±0.64 1.03 12.55 2
F11163+3207 0.261 15.03+11.59
−7.34 1369 814 570
+16
−16 0.97±0.65 1.18 12.22 1
F11206+3639 0.242 11.77+9.45
−5.90 990 641 506
+9
−9 0.39±0.21 1.94 12.42 1
F11307+0449 0.248 19.10+10.23
−7.31 2593 335 335
+15
−15 261
+83
−83 3.74±1.40 0.35 12.12 1
F11394+0108 0.245 14.81+8.76
−6.07 1142 359 328
+9
−8 427
+9
−10 0.61±0.27 1.61 12.22 1
F11417+1151 0.271 100.11+24.62
−20.80 6058 581 440
+16
−15 63.47±21.14 0.13 12.33 1
F11553−0259 0.215 25.82+12.13
−8.98 2534 1180 961
+17
−17 3.53±1.19 0.36 12.06 1
F11557+1342 0.439 30.18+11.52
−8.95 3629 311 268
+8
−8 21.78±8.13 0.36 12.66 1
F12043+5215 0.398 8.26+8.80
−4.84 2012 1401 1401 2.63±1.80 0.64 12.51 2
F12136+3919 0.334 8.90+9.17
−5.17 4036 455 455
+30
−31 8.64±5.68 0.14 12.70 1
F12433+6540 0.320 33.34+11.95
−9.39 3097 365 280
+18
−19 197
+28
−28 10.71±3.50 0.38 12.36 1
F12489+6619 0.282 62.99+16.40
−13.68 3074 299 299
+12
−12 371
+39
−39 13.02±4.06 0.44 12.17 1
F13210+3932 0.566 12.08+9.09
−5.77 3042 695 695 12.69±6.94 0.45 12.93 2
F13342+3932 0.179 58.35+17.40
−14.24 5789 503 467
+6
−7 435
+13
−13 23.59±6.38 0.08 12.37 1
F13403−0038 0.326 48.91+11.42
−9.69 4456 1209 865
+60
−59 28.76±8.88 0.22 12.39 1
F13451+1232w 0.121 22.59+10.78
−7.95 2249 1383 1087 1.18±0.42 0.27 12.19 2
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Table 2—Continued
IRAS Name z f
(5100A˚)
FWHM FWHM FWHM FWHM MBH
Lbol
LEdd
log(LIR
L⊙
) quality
Hβ [OIII] [OIII] NL core [SII]
(km s−1) (km s−1) (km s−1) (km s−1) 107M⊙
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
F14026+4341 0.323 225.42+42.23
−37.00 5490 2084 2084 109.45±45.99 0.26 12.71 2
F14082+0205 0.201 14.00+9.76
−6.41 2161 742 742
+24
−24 192
+11
−11 1.61±0.78 0.37 12.07 1
F14166+6514 0.364 11.46+9.80
−5.97 3775 533 533
+28
−29 9.97±5.55 0.19 12.71 1
F14167+4247 0.421 61.33+18.06
−14.74 5346 515 412
+20
−20 68.55±26.57 0.21 12.70 1
F14302+1243 0.332 9.75+9.52
−5.49 4677 365 346
+9
−10 12.16±7.66 0.11 12.46 1
F14315+2955 0.527 28.53+12.28
−9.25 5973 581 412
+24
−24 74.42±31.04 0.15 12.82 1
F14390+6209 0.275 54.52+12.92
−10.95 3375 479 346
+8
−8 429
+17
−16 13.88±4.03 0.34 12.31 1
F14394+5332 0.105 43.82+15.58
−12.31 1827 1826 1828 0.97±0.27 0.46 12.08 2
F14402+0108 0.243 9.56+7.95
−4.90 4097 323 323
+10
−11 5.96±3.21 0.10 12.08 1
F14541+3813 0.283 28.30+12.38
−9.30 7045 569 492
+13
−13 551
+109
−109 42.20±14.44 0.06 12.01 1
F15320+0325 0.206 22.95+10.32
−7.72 904 581 254
+12
−12 0.39±0.14 2.63 12.05 1
F15432+3502 0.516 51.61+16.14
−13.05 3817 1449 478
+67
−67 42.30±17.69 0.46 12.81 1
F15437+4647 0.228 35.04+14.00
−10.78 4972 814 465
+35
−35 491
+16
−16 17.74±6.01 0.11 12.04 1
F15439+4855 0.399 82.80+20.52
−17.28 5628 2090 2090 84.43±32.91 0.20 12.58 2
F15529+4545 0.517 8.92+11.94
−5.93 2931 772 587
+32
−31 8.57±7.32 0.39 12.81 1
F16122+1531 0.308 13.71+8.40
−5.75 2041 2138 487 538
+21
−20 2.56±1.12 0.60 12.42 2
F16172+4432 0.335 57.28+15.41
−12.83 5150 497 391
+11
−10 43.97±14.72 0.18 12.41 1
F16413+3954 0.594 271.96+38.50
−34.84 4439 1126 1126 194.01±110.28 0.74 13.39 2
F17175+6603 0.292 31.56+10.58
−8.42 5701 641 403
+24
−24 511
+69
−70 30.86±9.34 0.10 12.25 1
F17234+6228 0.240 7.51+12.34
−5.51 1113 425 385
+9
−9 728
+36
−36 0.37±0.65 1.28 12.14 1
Note. — Column 1: IRAS name; Column 2: redshift; Column 3: continuum flux at 5100 A˚ corrected by the use of
Fλ(5100A˚)rest = (1 + z)Fλ((1 + z)5100A˚)obs, where z is the redshift , and the unit is 10
−17ergs−1cm−2A˚
−1
; Column 4 to 7:
FWHM of the broad component of Hβ , the FWHM of the [OIII]5007 profile, and the [OIII]5007 NL core, as well as the [SII]6716,
if available; Column 8: derived BH mass; Column 9: Eddington ratio; Column 10: infrared luminosity; Column 11: the quality
of [OIII]5007 FWHM, “1”: the fitting result is reliable. “2”: the FWHM can not be well fitted due to the low quality of the
spectra or suffer serious absorptions around the emission lines.
